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A weling & Porter, L- 


ocieniias ‘yoa7 
e% Steam 
Roaa Rollers & Tractors. 


umford, L- 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND WB OrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 3) and 71, last week. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxillary Machiner: ery as supplied to -_ 
Admiralty. 





2179 


J ohn H. Wilsons Co.,Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28. 


LoocomotiveShunting Cranes 
Steam and Hiectric Cand: 


BXCAVATORS, ORANB NAV VIES, GRABS, 
NORETR-MIX 
SHIPS’ WINDLASSIS Winciins, and 
EOK MACHINERY 


Lists oF StawpaRp Sizzs oN APPLICATION. 
London Office: 15, VICTORIA STREET, §.W. 1. 








Tue Guiascow Roiiine Stock 4xp Puant Works. 


Hx. Nelson & Co.; Ltd., 


Builders of RAILWAY CARRIAGES, WAGONS 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
oF RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of Wurets end Axes, RatLway PLANT. 
Foreines, Smira Work, Irnow anp Brass Casrines. 
Presesp Steet Work or att Kinps, 
Registered Office and Chief'Works : Motherwell, 
London Office: 14, Leadenhall Street, B.C, 0d3382 


(iraig & Donald Ltd., Machine 


Machine Tools 
every 








67, rue de Perrey—LE HAVRE 
(France). 


vers, Torpedo Boats, Yash ts and Fast Boats, 


NORMAND Patent wae he Balers, O Coal or Of} 
Heating. Of] Engines, 


Me 
EK (UP $0 9 TONS.) Lifts 


8. H. HEXWOOD & & 00., LTD, 
REDDISH. 


Destro: 








TOOLS fer SE 
DAVIS & PRIMROSE, Tae tos one tas 
Brett's Patent Litter Co: 


Hammers, Presses, Furnaces, |. 
OOVENTRY. i 











ranes.—Electric, 
HYDRAULIC ana HAN 


sizes. 
GEORGE eit ii tan & CO., Lep., 


Motherwell, newG 9109 
WoTass Bicol. Tres | 


Steam,|* 





arrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASG 


Ow. 
" 8PBEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
BxcePTionalL SuaLtow Draveut. 


Repairs on Pacific Ooast 


by YARROWS, ae Victoria, British 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


I es Limited, 
BERS, IRLAM, MANCHESTER. 
FERED WATER HEATERS, 

CALORIFIBRS, EVAPORATORS, > , ROWS 
CONDENSERS, AIR HBATRRS 
Merrill's Patent TWIN K STRAINERS for Pump 
SYPHONIA STRAM TRAPS, REDUCING VALVS 

-Class GUN THAM 
ATER SOFTENING and FILTERING. 8728 


Forrien Post 
on : 
ie. MG. 

Y arrow Patent 
ie Boilers. ; 
xssrs, YARROW & UN AKB 
PRESSING and MACHINING oF a me 
of Yarro wy liotkeni, ooh so tha Sut 
Pockets, aba <f eee for British and 
YARROW 2 ob. Lrp., Scorstoun, GLaseow. 





( \ampbells & Hyer, L@ 
SPHCIALISTS IN ; 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


ym Launches or Barges 


Built complete with Steam, Oil or Petrol 
or Machinery supplied. Od 3551 
VOSPER CO., Lrp., 





Broap STREET, PORTSMOUTH. 


[tubes and Fittings. 


TRON AND STEEL. 


Stewarts and [ josa's, ] }4- 


41, OSWALD ST., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM, 
and LONDON OFFIC 
WINCHESTER House, Oz “LD Broap Srreet, B.C. 
LONDON WAMHOUSiECT. U pr, Tuames §1.,.0, 
LIVERPOOL WAREBHOUSE—63, Paraptse Sr. 
MANOHHSTER WARBHOUSE—34, DEANSGATE. 
CARDIFF WAREHOUSE—182, Bure Sr. 
BIRMINGHAM WAREHOUSE—Nux Sreeer, 
Sukxpscore STREET. 


See Advertisement page 26. 9091 


~j obn Bellamy Ljmited, 


MILLWALL, LONDON, &. 
Boilers rs, Tanké, & Mooring Buoys ! 
Sonus, Prrsot. Tawxa, Am Rao Receivers, STEEL 


RIVETTED ; 
Pregs, Horprns, SpPEctaL Wonx, Repains or =| 
ALL KDINDS. j 





RAILWAY AND TRAMWAY ROLLING 


urst, NJ elson & (‘o., T td. | z 





((ochran cena gona Ferm. 
ers. 
See page 17, August 12. B 91 
Ky lectric (irenes. 
gunn 9026 
8. H. HEYWOOD & OO., LITD., 
REDDISH. 

: FOR % 
pre orgings 
GARTSHERRIBE ete reer & FORGE oo 3 

GHasgow. 


Ties Dincorder, as New, 


BLLEY lao, Parrhomton Root, WHAT edd 











—A. G. 


S. Gokal, 


1, Great James Street, Bedford Row, London, W. = ~ 
T.N. 4515 Museum. 





CHARTERED 
PATENT AGENT. 





ank Ficemalives, 
Specification and wth ptm om. equal to 


Main 
R. & W. HAWTHORN, LESLIB & CO., Lrp., 
Byeorrcers, NEWCASTLE-ON-TYWE. 





zea vators. 


FROM 50 TO 600 YARDS PER HOUR. 


D. Wrists 


1, Union Srrerr, 
. Spencer He 
Sole 


LEICESTER. 
Md See 
ilers. Aug 3 
SPEN - BONECOURT, i ie 
Parliament Mansions, Victoria St., 8.W. 
GOLD MBDAL-Ixventioys ExHretrion-AwaRpED, 


Prckham: s Patent Suspended 
WRIGHING MACHIEDS —BAST FERRY 
ROAD BSGINBESE NG WORKS COMPANY, Lrp. 
Lospor, E.—Hydraulic Cranes, Grain Elevators, &e. 
See Hilus. ~( last week, page 15. 8902 





83, 








as Crane obs ee en pop wrt 


poe Eo th Ea! 





E J. Davis, M.LMech.E., 

- iv. eo Pe ani 20: ex] rience, on 
mt 187 Boon itratford. Wire; “ Ra 

Pee Stratford, 1794 


Phone—Holb. Si. Téele—Andrubo, Ticlb., London. 
A ndrews & Beaumont, 
cetneageatant Aa J. pect ene 
Totes, mies 
gma en and Steal 








ap) 


Mayura 
RAILWAY CARRIAGE, 
9106 EELS 


wood” Patent. 


ing, London.” 





ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, Leapenmaxt Sr., 8.0.3. 
Works: Buryr MILL. near Hartow, Hssex. 


Depots and Distilis 
and Ice Mating Me Machinery. 
Feed ater Heaters. 


Eva) 
Prod: Water Distillers. 
Main Feed Pum 


Combined Ciroulating and Air Pumps. 
Auxiliary Surface Condensers. 
&e, &c. 9604 





ocomotive 
(ELECTRIO). 


H. HEYWOOD & OO,, LTD., 
REDDISH. 


[the Glasgow Railway 
Engi AN, eorieg Company, 
Office—13, 


Victoria Street, 8.W. me 


raversers 





OTURERS OF 
WAGON & TRAMWAY 
& AXLES. 


CARRIAGE & Ad gl ia aoee 
CAST-STEEL AX 


RK, 
LE BOXES. 9a 


Gosia "8 snyder et att Ash Ej ector. 


dirt. ope aa be, Sen 
F. J. TREWENT & PROCTOR, Lrp Naval Archi: x 
Billiter St. 

Od 4838 


tects me hes, 43, Billiter ter Blage. 
iesel Engines, Six Cylinder, 
Dee geo a, ka 250 ‘moos toh 


be 3 Oe Kw. Pans we tre 1 SETS x00 or 
with Condenser and 


so Vole D Du armature, 
DRIVEN ik ware 


RIOKLL 
PRESSORS, 250 Volts, D.C. Pressures 1500 
3000 lbs. per square inch, 
JENNINGS, 
West Walls, Newcastle-on-Tyne. 


(Shimney Ghafts 


DESIGNED, ERECTED or REPAIRED 
by Chimney Experts. 
Enquiries invited. Write, phone. call or wire— 
CUSTODIS LTD., 
119, Vietoria Street, London, 8.W. 1. 
Telephone ad 4 Victoria. 
Telegrams :—* 8 














est, London,” 
e and Chains | up to 


pide Was ie Soca pee 


Swivels, Shac Hate sam” 
oe done 





Filectric 


40, Woop #r., 8 


Hes Wrightson & C 


LIMITRD, 


See Advertisement page 69, August 12, 9402- 





teelwork Erectors. 
EWART WELLS AND 00. LeD., 
, 106, » Belbere born, Londen, W.O.. : 
Tel = el Westowat, ie) 
Tele ¢: Holborn 4741. 
N | oytnseatpes BRIDGES AND 


ont, 
omer 
at Chepstow and Avosmentlt, R 304 





W ayaoop -Orts 
Lirts. 


2s & Pf eng 8 4. 
Lriowen REET, 
and Principal mann BI 


Be bisa gris: 


8. H. HEYWOOD 00., MID., Was 
REDDISH. 


(Grraphited Lubricants, 


GRAPHITED 
OIL. 


“warm 
“OILDAG” “ AQUADAG” 
Reg. Brann. ort 


“ GREDAG® 9 


GRAPHITED GREASE. 


E.G, Acheson Ls * 


Dept. B., we Manufacturers.) Works: 











Pexzingtons, University 


TUTTO Outet Beet, Bente. 
Bind, 15. Postal” ali Bngineering 


Exams. Garel now for LOB. and 1M Ml Oourese 
last Exams. 8901 


100 per cent, passes 





Consstugal 


.t0| Pott, (jaseels «YY iliamson, : | 


MOTHERWELL, SOOTLAND. 


Bee half-page Advertisement page 81, August 5. 





P. « W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
RAILWAY OARRIAGHS AND WAGONS 
OF EVERY DESORIPTION. 
RAILWAY at ge ges ee eal ge oy rr 


ot ae 





Steam 
me. & Pneumatic Power 


Hammers 
Drop peseaens Plant 








niversity of Bristol. 


B bmg | OF ENGINEERING. 
anes B.A., D.Sc. 
the. BANDWIOH SCHEME provi academio 
training for the B.Sc. DHGRERin BNGINABIING 
combined with works ey with 
nee lag leading engineering firms in the United 


Prospectus from the REGISTRAR, Merchant 
Venturers’ Technical College, Bristol. R766 


Fferiot- Watt College, 


BDINBURGH. 
Princrpat—A. P. Lav Lavnriz, M.A., D.So. 


Se 
Complete Dip) in 
BLBOTR RIC. =e and OIL 


mLBOTRICAL, 

Di Courses for Students 

ey in Mineral and ate 

Ohemistry of Foods and » and Bio- 
Ohemistry. Oourses for Brewers’ Chemists. 


Con LARA A At TACHUT BUTIOAL EXAMINATIONS. 


mews CONSTRUCTION. 
A Two-Years’ Course in Building Construction for 
Builders’ Clerks and var has been insti- 
tuted, leading to a Oertificate 


Classes open Lith October 
Bntrance Examination comménces 2th September. 


cpeeeaee * and information on application to 
Principal at the Coll 
PerTEeR MACNAUGETON, Clerk. 
Heriot Trust Offices, 
20, York Place, 
Bainburgh, | 


MECHANICAL, 
MINING 


CHEMISTRY. 
ng for the 


, 1921. R18 
civecpity of of Birmingham. 
FACULTY OF OF SCIENCE. 
BNGINBERING DEPARTMBNTS. 


I.—MEOHANICAL BWGINEERING. 
Chance Professor; F. W. Bunsratn, M.8c., 
M.A. {pata M.Inst.C.B., M. Inet. ME. 
Lecturer; R. _ PoRTER, M.Sc. (Vict.), 
A.M.inst.0.B 
Demonstrator : 8. J. ee eg 
Lecturer on Machine Deten: & 
Assistant ey af on Machine batige Heway 
Baxzr, B.Sc 





11,.—Orvm. Byer emerge, 
= Professor: Faery ih: M.Sc. 
D.8e, (land), A-ML-O.8. A B.0.8. 
Lecturers ; Pantox, M.Sc. 
i Sraapise B 80., A.MLOR. 
H. W. Courras 
Lecturer on Town P : W. Harwoop. 
ITI.—HBLeorricaL og Ta 
Professor: Wriuiam Cramp, D.So, 
Lecturer: EB. J. Kipps, M.Se., M.Inst.8.B. 
Assistant Lecturers and Demonstrators: 


G. M. Harvey, B. ng. 
The FULL OOURSHS EXTEND OVER FOUR 
BARS, and students who enter after Matricula- 
tion and pass successfully the examinations at the 
end of each will BE BNTITLED TO THE 
ee OF BACHELOR OF SOIBNCE in 


. SRESION 1921-22 COMMENCES on 


BER 3rd, 1 
For detailed Syllabus of the Faculty, with full 
alars “_ University Regulations, ture and 
Fane Courses, Fees, etc., apply te the 
SECRETAR R 620 


[= C.E. Exams.—Sucoesses 


as usual last Hxam. by Correspondence Ooach- 
B Suoceases eh | hundreds, several 
” embraces 


Aes, 1434, Oihees of Rndecoemen, 
rrespondence Courses for 


Inst. ©.B., I. Mech. B., all BNGI- 
Naam ‘RXAMS. | 5; "fer hh ee 
a 5 





prizes. Sec. 
ex verlence. 








ae réet, | 
nst. O.E., I, Mech. E. oe 


NOWLES, Bie, MER, A itm Pet: 
M.R.Sen.I., PREPARRS CANDIDATES pereana ly yr 
or by cor “<n undreds of 


Courses y Victoria 
St. Westuniuster, SW. Tel 4460 Vieworns = . 


p-to-date Tuition for 
Inst. C.B., je aS Rjh einat Benase. by 











ENGINEERING 








COUNTY BOROUGH OF WALLASBY. 
NEW BRIGHT meatuion STAGE 


renders i. the Dar Supply aston, 


ieeryntes ia ‘Offices by sp 
and Contractors desi 


ae 
may do so on payment vot aris 1s. 
the Form of Tender provided must be daitvered 
to the und ed, ins coe ¢ eens, 
“Tender for New Bri, 
” not later Seon Geiurash, 
ber 17th, 1921. 


GEO. LIVSEY, 


Town Olerk. 
Town Hall, Wallasey, 
Qnd August, 1921, R 647 


THE BURMA RAILWAYS 0 COMPANY, LIMITED, 
The Board of Directors of of the Burma Railways 


Company, Limited, Sy = to receive 
enders for the Supply of :— 
100 tom LD D seaae CHANNELS and 140 


MILD STEE 

ae each he, “a the ye & fee of 20/- will 
—_, fee is not returnable. Tenders 
“ia envelopes addressed to the 
ant Dit ectors” and endorsed “ Tender 
- Steel Material ” must be delivered at the Com- 
gears’ Offices not later than TWELVE noon on Friday, 
August, 1921. The Directors do not bind 
themselves to accept any or the lowest tender and 

reserve the it to divide the order. 
The ma‘ is ey 7 Order of tbe poured be Burma, 


Sep- 





encie 


ae Director. 
199, + Gasion Ee House, . 


Broad Street, 
London, B.C, 2. 
ith August, 1921, R192 


VENTNOR URBAN DISTRIOT COUNCIL. 


=_— TO TIE RODS, &c., TO THE ROYAL 
VICTORIA PIER AnD! LANDING STAGE. 


The Ventnor Urban Dist District Council invite 


for the Repair and 


y [tex lend 54 
LACEMENT of a andi of TIB-RODS 
and OTHER IRONWORK to the understructure of 
the Royal Victoria Pier and Landing Stage, Ventnor 

Plans, Sections and Speci: be seen, 
and full —_ obtained, at the office "ot D. VY. 
Howagp, Engineer and Surveyor to the 
Council, rows , Ventnor, I.W. 

Tenders, sealed and endorsed, ‘‘ Plier Re .” to 
be delivered to the undersigned, Clerk to the 
Council, not later than Neon on the 7th day of 
Beptember, 1921. 

he Council do not bind themselves to accept the 
lowest or any Tender, 





TT UGHES OAKES 


Clerk to the Council. 
Town Hall, Ventnor, I.W. 
30th July, | 1921, R 625 


THE SOUTH. INDIAN RAILWAY COMPANY, 


Tenders for | e Supply of: — 


i and Forms of Tender may be 
obtained at the Company's Offices, 91, Petty France, 
Westminster, 8.W. 1 

Tenders ad ndaresscd to the Chotmes and Directors 
of the South Indian Railway mpeny, Limited, 
marked “Tenders 8 Steel Yates the case 
may be, must be left with the i ed not 
later than a p.m. on Wednesday, e Tth 


a, = 
: which will not be returned, will be 
of 20s. for each copy of the Specifications. 
Copies of the Drawings a be obtained at the 
Office of Messrs. R. WuiTs & Partners, Consulting 
Engineers to the Company, 3, St 
Westminster, §.W, 1 
ps wat oe wi 
anagt: rector. 
91, a France 7. 1. “ 


August, joa) RB 806 
METROPOLITAN WATER BOARD. 


TENDERS FOR THE SUPPLY AND BRECTION 
OF PUMPING. MACHINERY AT LITTLETON, 
MIDDLESEX. 





The Metropolitan Wat Water Board invite 


[renders for the Su upply and 


BREOTION of PUMPING 
at Littleton, Middlesex, having a maximum Pe 
ane gallons per 54 Weare against s head ead of 


iy aren a of FB err ton 
pecification inspected without 
Ne Offices of the Board 
ment, Rose- 
on and after 


ed es R 731, in Wo PAULO Rs, mod coons 
. INEERING. Miet aR 





Noten Eastern Railway. —To Fs with all 


BUILDERS AND IRONFOUN .—The 
to recelve T. 





» 1921. 
to accept the 
wm Dierk of the Board. 


re owebey Avenue, B.C. 1. 


YT: 
gs, DS 


endorsed 
ing Stage Com.- | deli 





co 
SBACOMBR FERRY IMPROVEMENTS. 


The, Corporation of | of Wallasey 
enders for the dart 
dene a Se ee cone the above 


ot | Goops gent STAGH, 
in 


Getatiea Plane ana STeeeoiee Mosers. Witrow 2 | 2 


BELL, a wes 1 ene, hve agp od 
Chambers i 


Liverpool, 
be | Chasabers, i, Gfosahall Street fe offices aot emis of 
the Plans and Specification may be seen. Con- 
a as. ae copies “. iat 85. “te 

pecification may do se on en 

‘orm of Tender provi vided m 
und ed, in a Sealed invelope, 
endorsed * Tender for 


Ferry I 
ments, Work ‘ A,’” not later than 12 noon Saturday, 
October 15th, ipa. 
GEO. LIVS 
Town 





k. 
R646 


Town Hall, Wallasey. 
2nd August, 1921. 


TO ELECTRICIANS AND OTHERS. 
The Metropolitan Asylums Board invite 


enders for Ca Out the a 
A INSTALLATION of fmloriy ety ee 


in the Administrative Block, 
and 2, Covered Ways, Road iLightis Gs os the 
Grove Sue, se ape ow. in in 


7M ma Hint OR MT Mest B, 


by mrt tT. ime 


neer-in-chief. 

e Drawi Specification and Forms of Tender 
may be Snopectod si the Office of the Board, Embank- 
ment, H.C. 4, on and after Ten a.m, on 18th August, 
and the drawings, specification and forms of 
tender can then obtained upon payment of a 


deposit of £1. 

he amount of the deposit will be returned only 
after the receipt of a bona fide Tender sent in 
the instructions of the Form of 
fter’ the specification and other 

drawings have been return 
Tenders, addressed as noted on the form, must be 
delivered at the Office of gm Board, not later than 
2.30 p.m., on 3lst <_ as 


B 
. DUNOOMBE MANN, 
Clerk to the Board. 





BURGH OF MACDUFF. 
MACDUFF HARBOUR*SLIPWAY. 
The Macduff Town Council are prepared to receive 


[renders for the Construction 
and ERECTION at Macduff of a Let ory 
CRADLE, TWO TRAVERSERS, and MACHINERY 
a above SLI octets Conditi 8 hed i 
es of the cation, Con: ons, Sc’ ule 
Form of Tender, tnd the Drawings may be ins) inspected 
at the Office of the Subscriber. 
Contractors desirous of Tendering may obtain the 
pooneez Oot documents on payment of the sum of 
Two Guineas which will be returned on receipt of 
a bona fida Tender together with the documents. 
Tenders are to be lod with the Subscriber on 
or before Saturday, the September, 1921. 
The Town Council do not bind themselves to 
accept the lowest or any Tender 
ABCH. HBNDERSON, M.Inst.0.B., 
21, Bridge Street, 
Aberdeen R769 





BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 


pared to receive up to Noon 
y, 9th September, 


lenders for the Supply of— 


1. ROLLED MATERIAL for the constriction 
3. WHEELS AND AXLES for Wagons. 
CLASS B. 


1. HELICAL ea: 
y SPRING STE 
3 RCOUMULATOR SUPPLIES. 
Tenders must be made on forms, copies of which, 
nigel Specification, can be obtained at these offiees 
yment ys follows ;— 
Class A, 20s. each and for Class B, 10s. each. 
(which will not be returned). 
© Directors do not bind themselves to accept 
the lowest or any Tender. 
8. G, 8S. YOUNG, 
Secre 


The peice ty ~ poe ee 


Offices : 
The White Mansion, 
91, Petty France, 
estminster, 8.W. 1. 
17th August, 1921. 


a. R. 


BY DIRECTION OF a8 DISPOSAL BOARD. 


Ihe following M Miscellaneous | sa 


PLANT & MAC TO BE DISPOSED 
OF AS A WHOLE BY PUBLIC TENDER. 


LOCATION :—C SD. %, HEREFORD. 
_ Wheels and Azibs. 18 1 Rotary 
Crompton 3 8 25 Vas HP. iyo ¥ e 
needing “Macthee, 
eeting © Meckin 


Motor, Fruit, Si 


Converters. Uni- 
a ane Sree, 
2 Seen 


hine, Two Heavy Duty 
Machines, 27 in. "Anguith Four Overhead Travellin; 
with blocks and chains. Lumsder 


Triple end Grinder and Accessories. 
er and Accessories. 
Siemens 


oe bade OF TENDERS—Aug. sist. 
may be obeuted from the CORTROLL 











; OF 10 2 
UNIVERSITY NDON, UNIVERSITY 


sate AYE i satcatere Invited for 


of SENIOR ASSISTANT 
Bp Mechanical ~ 


qualifications an 
many be of obtained fro 
WALTER v. SETON, M M.A,, D.Litt., 


University , London, 
Gower 8 .C.1, 
ITY 0 


DEPARTMENT OF ENGINEERING. 
The Council is about to proceed to the 


ppointment of an Assistant 
RER in ENGINEERING and IN. 
STRUCTOR in DRAWING, who would be 
to enter on his duties on A Se ber, 1 
ann 

be obteined from the INTHRNAL piseclens may 
AR ToT oe, faving 3 reterenore, ol should be sent to 
later 


than 29th 

j Ee resticnotals (one copy of ‘<9 which 

not be printed) may be subnuitved « R107 
THE UNIVERSITY OF LIVERPOOL.” 


LECTURESHIP IN >, IN MBTALLURGY. 
The Council invite 


pplications for the Post of 

LECTURER in | MERATLURGY 

for Session 1921-1922 at a amar of £300, duties to 

commence on Ist October, 1921. A) 8 and 

—. a of testimonials — be forwarded to 
ED CARRY, 


WARD 
rar. 
3rd August, 1921. R 681 
DONCASTER BUUUAS UR COMMITTER. 


(Treacher of Electrical En gi- 
NEERING and MATHEMATICS g ul. 
nage for the Technical College. feu. 

yy be obtained from J, Reece -R.C.8c., 
Principal Technical College, St. George Gate, 


Doncaster. 
G. R. H. DANBY, aA. 


ecretary. 
Bducation Offices, 
loncaster. 
August 17th, 1921. _ R809 
BI NICIP TECHNICAL SCHOOL. 


The Committee require the 


Services of a Teacher of Mine 
WORKING and MINING LAW; one even- 
ing each week. Applications ~ ggg be sent to the 
undersigned as early as 
JAMES “WARD, 
Director of Bducation. 








Education Offices, 
Town Hall, Leigh, 
August 16th, 1931. 


BR 796 
DONCASTER EDUCATION COMMITTEBR. 


A he Technical School. 


M Patt WORK 68 WANTED at 
A ROiSe. may obtained from 
a3 Pio C.8¢ .» Principal "Techatoal College, 


G. R. H. DANBY, 
Secretary 





Education Offices, 
Doncaster. 
CATION © I 
CENTRAL POLYTECHNIC. 


anted, for September, 
TEACHERS for the following classes :— 
see ae Alternating Currents 


Fhe sane ces Telcgrapoy Tuestiay). 
@, Blem. (Tuesday). 
ther patie may be obtained from the 
PRINGIPA Central Polytechuiic, Scarbrook Road, 
Croydon. 


Clerk oo ite Onenrsitten. 
" SHANGHAI MUNICIPAL OOUNCIL. 
ASSISTANT OrviL ENGINEER. 
The Electricity Department of the Counci! 


Qervices of a Civil Engi- 
NEERING ASSISTANT for constructional 
work in ners with the power houses, sub 


statio 
eenahe siee sould have had thorough teehnica! 
Salting eons , particularly in 
forced concrete werk 
and structural steel work. The engineer appointed 
will be required to make all calculations and to 
: the preparation of detail drawings, and 
general to assist aot che { Civil Engineer. 
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THE 72-IN. REFLECTING TELESCOPE 
FOR THE DOMINION OF CANADA. 


(Concluded from page 244.) 


We have now to deal with the optical features 
of the instrument we are describing. The main 
mirror is a glass speculum of 73 in. outside 
diameter and 12 in. thick at the edge, weighing 
4,340 Ib. Through the centre of this mirror a 
hole was cast and bored out to 10} in. diameter. 
The mirror is ground, polished and exactly figured 
to a surface which is a true parabola of revolution 
having a focal length of 30 ft. 

The Newtonian flat is a plane mirror about 
19 in. diameter and 3 in. thick, silvered on its front 
face and inclined at an angle of 45 deg. to the axis 
of the main mirror. It is placed in the upper end 


of the tube, about 48 in. from the prime focus of the | 


main mirror. Its function is to reflect the image 
to the side of the tube and to allow of observing 
visually and photographically at the side of the tube, 
generally called observing at the Newtonian focus. 

The Cassegrain mirror has as a surface a hyperbola 
of revolution, and is 19} in. in diameter, and 3 in. 





at right angles, so as to set upon any two bright | 


stars in the field of view. The screws moving these 
wires are operated from the edge of the tube (see 
Fig. 13, page 241 ante), when the holder is being 
used at the prime focus, or by a pair of knobs when 
used at the side of the tube. This upper plate, with 
the guiding eyepieces, can be rotated a small amount 
by means of a screw so as to give the correction 
of the field rendered necessary by the variation 
of refraction with altitude. The two lower slides 
which carry the upper slide can be moved at right 
angles to provide a small movement in two. co- 
ordinates to correct for any slight displacement of 
the star image, due to temperature changes, atmo- 
spheric disturbances, or other causes. The guiding 
rods provided for use when working at the prime 
focus are supported at the outside edge of the tube 
by a sliding carriage which fits on the bevelled 
plate at the upper end of the tube, and also carries 
the guiding eyepieces as well as the observing 
telescope, which can be used to observe visually 
when the plate holder is removed. The whole 
arrangement is shown in Fig. 13 just referred to. 
The operation of the plate-holder is quite simple 
in spite of the many adjustments. The plate-holder 














Fic. 30. Tue Sitvertne Car. 


thick ; it is placed about 7 ft. from the prime focus, 
reflecting the light back down the tube through the 
central hole in the main mirror, and bringing the 
rays to a focus about 3 ft. beyond that mirror. 
This gives an equivalent focus of 108 ft. 

The spectrograph, which we shall describe later, 
is attached so that the slit is in the focal plane of 
the Cassegrain combination. A draw tube with 
right angle prism can be slipped into place just in 
front of this slit (see Fig. 32 on page 270), so as to 
allow visual observations to be made at the Casse- 
grain focus without disturbing the spectroscope. 

The telescope is equipped with three finders, two 
being of 4 in. aperture and 60 in. focal length, 
while a long focus finder of 7 in. aperture and 
30 ft. focal length is provided for guiding. For 
visual observation, a series of oculars are provided 
giving different magnifications for use in both the 
prime focus and the Cassegrain focus. 

A double slide plate-holder permits photographs 
to be taken in the prime focus position, or at the 
side of the tube in the Newtonian focus. The plate- 
holder is of steel construction with abutting and 
aligning lugs, so that it can be removed and 
accurately replaced. The plate-holder carrier, or 
mechanism, consists of three slides. To the upper 
one is fastened the plate-holder itself and two 
guiding eyepieces. These have electrically-illu- 
minated cross-wires, and can slide in two directions, 





carrier is focussed by observing the star image on a 
knife edge, placed in its cell exactly in the same 
plane as the photographic plate. When accurately 
focussed the knife edge is removed and the plate- 
holder substituted. The observer then opens 
the folding shutter directly beneath the plate, and 
observes any conveniently-located star through one 
of the guiding eyepieces and guides on it by using 
the control handles which move the two lower slides. 
At intervals he looks through the other guiding eye- 
piece to detect and correct any traces of rotation 
of field. Exposures will vary from a few seconds to 
many hours, depending upon the object which is 
being dealt with. 

The main mirror will, of course, require resilvering 
from time to time, and as the handling of so delicate 
and at the same time so massive a piece of glass as 
the 72-in: mirror is a very hazardous undertaking, 
a special method of performing the operation was 
worked out. The telescope is first set so that the 
tube is vertical on the east side of the polar axis 
and securely stayed. The silvering car, which is 
illustrated in Fig. 30, annexed, consists of a heavy 
truck, running on tracks on the floor of the obserya- 
tory, the tracks being so laid that the centre of the 
car can be brought directly under the centre of the 
telescope tube. Mounted on the car is a hollow 
cylindrical casting which is provided with flanges 
at the top and bottom and is strongly braced by 


angle irons at the top as shown. This cylinder is 
about 3 ft. high and is bored out to 12 in, diameter. 
It is fitted with a plunger which can be moved 
vertically through a range of about 2 ft. by a screw 
actuated by an electric motor or by hand. The 
plunger is conical at its upper end and in its top 
face a hemispherical cavity is formed in which is 
placed a hardened steel ball, 2 in. in diameter. 
Resting on this ball is a cradle or rocker, bujlt up 
of steel castings and having three arms about 
4 ft. long on the ends of which are projections which 
fit on the outer edge of the mirror cell. The cradle 
is so designed that centre of gravity of the combined 
cradle, mirror and mirror cell is situated practically 
at the centre of the ball on which the cradle rests, 
and it is thus possible with comparatively little 
effort to rock the mirror during the process of 
silvering. When the cradle has been brought into 
the proper position under the telescope tube it is 
raised by means of the plunger and screw until the 
arms take a firm bearing on the mirror cell. 

The mirror with its cell weighs about 6 tons, and 
before detaching this weight from the telescope 
tube it is necessary, as we have already stated, to 
fix the latter so that no movement shall be caused 
by its being thrown out of balance. Two possible 
movements have to be guarded against, namely, 
a rotation of the polar axis and a rotation of the 
declination axis. The first of these is prevented 
by supporting the outer end of the declination axis 
on a steel stanchion which is counterbalanced and 
moves vertically in an encasing stanchion which 
extends from the steel observing floor to the ground 
floor of the building. A trap door in the floor 
enables this telescopic stancheon to be run up until 
a conical point at its upper end enters a corre- 
sponding socket in the declination housing. A short 
piece of I-beam resting on the floor is then pushed 
through an opening in the stanchion, making things 
secure. 

As regards the second possible movement it has 
to be borne in mind that the telescope being vertical 
is balanced, although in unstable equilibrium, and 
it can readily be retained in its position by lashing 
the upper end of the tube to rings provided in the 
main ribs of the dome for that purpose. 

The telescope being secured, the bolts securing the 
mirror cell can be removed, leaving the cell resting 
on the cradle, and the latter can then be lowered 
and the cradle can be moved to the east on its 
track until clear of the telescope tube. A band of 
paraffined paper about 8 in. high secured around the 
periphery of the mirror and a plug placed in the 
central hole convert the mirror into a dish for 
holding the chemical solutions, while the manner in 
which the cradle is mounted enables the mirror to 
be given the rocking movement necessary to enable 
the solutions to be moved uniformly and regularly 
over the surface. By removing the central plug 
the solutions can be conveniently drained away. 

We must now deal with the spectrograph, which 
forms such an important accessory to the instru- 
ment we are describing. A spectrograph consists 
primarily of a slit in the focus of a collimator 
objective providing parallel light, a prism or other 
mediums, whose purpose it is to disperse the light 
into a spectrum, and a photographic camera to 
photograph the spectrum. In order to increase the 
dispersion more than one prism is often employed. 
In the case of the spectrograph for the 72-in. 
telescope three prisms are provided for and three 
photographie cameras of different powers are used, 
so that one, two or all three prisms may be employed. 

The earlier spectrographs were all of a universal 
type that is, they were to be used with different 
dispersions, and different spectral regions were 
observed. But when the field of stellar spectro- 
scopy narrowed to the measurement and deter- 
mination of radial velocities, the universal type 
became obsolete, because of several inherent 
difficulties arising in this type. The rigid fixed form 
was then developed. This, however, had dis- 
advantages due to the supporting members and 
spectrograph being in one unit; this resulted in 
flexures, caused by the weight of the spectrograph, 
which introduced noticeable errors in the observa- 
tions. To overcome this the later spectrographs 
were designed so that the spectrograph proper was 





in a suitably constructed box, supported flexibly at 
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two chosen points by the truss which attached it to 
the telescope. 

In the spectrograph for the 72-in. telescope an 
attempt was made to combine the advantages of the 
two-point box construction with the flexibility and 
general usefulness of a universal instrument. It was 
decided to revert to the older or universal type 
as one, two, or three fixed type spectroscopes 
could meet the various demands certain to be made 
upon them by so large and powerful an instrument 
as the 72-in. reflector. 

Sectional views showing the construction of the 
spectrograph are given in Figs. 31 to 34, subjoined, 
while Fig. 35, on page 271, is a reproduction of 
a photograph showing the spectrograph attached to 
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the telescope. The frame which supports the 
spectrograph box is a long box-shaped, special 
aluminium alloy. casting,, At one end is a large 
flange by which it is bolted to the spectrograph 
ring at the bottom of the mirror cell, as shown in 
Fig. 35. This ring is fastened, to a large cast-iron 
worm wheel, bearing on a heavy shell fastened 
to the bottom of the mirror ceJl. By means of a 
worm, operated by a hand wheel conveniently 
located near the spectrograph, the spectrograph can 
be rotated in azimuth, The lower end of the frame 
carries two heavy lugs through which passes the pin 
for swivelling the spectrograph box. This pin has 
eccentric ends where it passes through the frame, 
and at its centre a ball seat. This construction 
allows the spectrograph box to swivel freely in any 
direction. About midway between the supporting 
lugs and the large flange at the other end of the frame 
is a ball-headed aligning pin which engages a slotted 
bar in the spectrograph box, keeping it in alignment. 
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By means of this pin and the eccentric supporting 
shaft the spectrograph can be accurately aligned 
to the main telescope. Near the upper end of the 
frame are four large openings, giving free access to 
the slit mechanism and the guiding eyepieces and 
comparison mechanism. These details are clearly 
shown in Fig. 32. 

The spectrograph box is, as we have stated, an 
aluminium casting, and has four projecting hollow 
arms. One of these carries the collimator and slit 
and projects up into the hollow attaching frame. 
It is attached to the longer of the three remaining 
arms by a hollow box girder which is integral 
with the box casting. The projecting hollow arms 
carry the three spectrograph cameras. Directly over 
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the prisms and their supporting mechanism is a 
semicircular opening, allowing free access to the 
prisms and the link movement. Since this box is 
one casting with an opening on one side only, it is 
very rigid, and being made of aluminium it is very 
light. 

A link-work is provided for carrying the prism 
cells always at a minimum deviation, whatever 
part of the spectrum is central. This is made up of 
bronze links with gear teeth at the ends and pivoted 
so as to have a multiplying action for each prism 
added. The prism tables are attached to the upper 
of the two series of links, and the upper and lower 
series together give the desired amplification of 
prism movement. 

A scale and magnifying indie makes possible the 
setting to any region or recovering it when desired. 
Attached to each prism table is a long arm with a 
slotted end into which the camera fits so as to line 
up camera and prism set in the proper relation. 


The prisms themselves are not. held by the link 
work alone, but can be clamped, by bolts passing 
through each corner of the prism table and two at 
each end of the cameras, to the heavy bottom of the 
spectrograph box. The prisms have an aperture 
of 2-5 in. The prisms are mounted in subsfantial 
prism cells, which are held in place on the movable 
prism tables by screws and dowel pins so that any 
prism ean be removed and accurately replaced. 
This is of advantage, as it saves readjustment when 
changing from one type of spectrograph to another. 
With this arrangement it is possible to change from 
one type of speetrograph to another in less time than 
it would be possible to change spectrographs. 








The collimator objective is 63-5 mm. aperture 


Fig. 33 


















































and 1,143 mm. focal length, triplet type. This 
construction makes change of focus with change of 
temperature compensatory, and does away with 
the adjustment of camera focus for summer and 
winter observing. The collimator is clamped in 
the most convenient position and the star image 
focussed on the slit jaws by moving the secondary 
mirror by the hand wheel at the guiding eyepiece. 
This is a very accurate and convenient method, for 
the image is readily examined visually. The 
cameras are of box construction with the objectives 
fixed in position. The apertures of the camera 
objectives are 76-2 mm. and their focal lengths 
are 380 mm., 711 mm. and 965 mm.; all are of 
the triplet type. The focusing is accomplished by 
moving the plate holders in and out by a rack and 
pinion. The focusing adjustment can be read by a 

scale and vernier to tenths of a millimetre. The 
metal plate holders, opening in the middle, hold 
a plate 2 in. by 4 in., which is held down against 
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a raised surface around the opening by a spring. 
The free aperture of the plate holder is 1 in. by 
3-5in. The plate is thus supported parallel to the 
spectrum through its entire length, and curvature 
will have a negligible effect on spectrum measure- 
ments. The plate holder can be tilted about 
15 deg. each way and the amount of this movement 
can be read on a graduated arc so that it is possible 
to adjust the plate tangent to the focal plane. 
The cameras are operated through doors in the 
temperature case for the medium and long focus 
cameras, but as the plate in the short focus camera 
comes within the spectrograph box, suitable doors 
with hinged covers in both spectrograph box and 
temperature case are provided. 

The temperature case—which can be seen on 





temperature between inside and outside oi case 
is rarely more than 3 deg. to 4 deg. C. very little 
current is required. The heating current is regu- 
lated automatically by a mercury contact thermo- 
meter operating a relay, which keeps the differehce 
of temperature well within 0-1 deg. C. 

The slit jaws are of polished nickel inclined at 
an angle of 3-5 deg. to the normal to the optical 
axis in order to obtain a reflected image from the 
upper surface of the jaws into the guiding eyepiece 
(see Fig. 32). One of the jaws is fixed and the 
other is moved by a micrometer screw reading to 
thousandths of aninch. Guiding is done by observ- 
ing the reflected image through a right-angled 
prism and broken guiding telescope. The 45-deg. 
bend in the guiding telescope allows the guiding 
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Fic. 35. Tur Specrroscore With TEMPERATURE CASE AND Covers REMOVED. 


the floor in Fig. 35—is attached to the supporting) eyepiece to be rotated to the most convenient 
frame and does not touch the spectrograph box at | position. 


any point. It is made of a cast aluminium frame 
with sheet aluminium sides, and is firmly attached 
to the supporting frame. At the ends over the 
camera projections are covers and also large circular 
openings at each side, which enable all changes and 
adjustments to be made without removing the case. 
The case and all openings and covers are lined with 
}-in. felt; the supporting frame is also lined inside 
where the collimator tube projects into it, making 
the entire spectrograph box and collimator com- 
pletely enclosed in a felt temperature case. ‘ 

Uniformly distributed over the inside of the case, 
and attached to the felt are insulated German 
silver wires, through which 110-volt lighting 
current is passed. A fan keeps the air inside the 
case In constant circulation. As the difference in 





The comparison spectra are obtained by,reflectin 
the light of an iron arc through the slit jaw to form 
spectra on either side of the star spectrum. This 
is accomplished in a new way by reflecting the 
comparison light down through two right angle 
prisms which lie just above the slit and have their 
edges parallel to it. These prisms can be brought 
into contact or separated symmetrically along 
the direction of the slit by a right and left-hand 
screw. This is done to vary the distance apart of 





the comparison spectra and the star spectrum. The 
| prisms can also be moved transversely to the slit, 
|toward or from the comparison source by a rack 
‘and pinion. They are held in their seats by thin 
| metal plates lying just above the slit, which are 
cut out to serve as limiting diaphragms for star and 


comparison light. The star’s light passes through 
the wedge-shaped opening in these plates and the 
comparison light through the rectangular opening. 
As these plates move with the prisms, any width 
of spectrum can be obtained depending upon the 
position of the wedge-shaped opening, while wider 
spectra limited only by the length of the slit can be 
obtained by separating the prisms. Three adjust- 
able stop screws for the movement of the prisms 
allow the usual widths to be reproduced at will. 
There is further a central opening in these plates 
to allow a central strip of comparison spectrum 
to be placed between the outer strips, which, in 
conjunction with a semicircular diaphragm inserted 
at the collimator objective, permits the use of the 
Hartmann method for focusing the camera. 

The comparison spectra can be applied as often as 
desirable, without stopping or affecting the exposure 
on the star spectrum or touching the slit head ; 
this is done by merely turning on the 220-volt direct 
current iron arc. The comparison arc and guiding 
telescope are adjustably attached to the supporting 
frame and do not touch the spectrograph box or 
slit head, and no pressure on them can possibly 
affect the positions of the lines, This slit head and 
comparison arrangement always remains in adjust- 
ment, gives uniformly exposed spectra, and has the 
additional advantage, as we have just mentioned, 
of allowing for focusing of the camera by the 
Hartmann method, 

Just above the slit head, provision has been made 
for attaching a visual telescope. This has a right 
angle prism at the end and brings the light out 
at right angles to the optical axis of the telescope, 
and allows the star and nebular images to be observed 
visually without necessitating any change in adjust- 
ment of the spectrograph. This is a great con- 
venience, as it allows the instrument to be used 
visually for public demonstrations without inter- 
fering in any way with any adjustments made 
for research work in the observatory. 

To remove the spectrograph it is necessary first 
to set the tube vertical and adjust the stays. The 
spectrograph is then clamped to an arm projecting 
from the cradle of the silvering car, and the arm 
drawn tight by means of a tension rod and turn- 
buckle. The spectrograph retaining bolts: are 
removed, and the cradle and spectrograph lowered 
from the tube ; the silvering car and spectrograph 
can then be rolled out of the way. 

The observatory has now been in use for nearly 
two years and ample time has passed for the 
observers to become thoroughly acquainted with 
all the details of the building, dome and imstru- 
ment. Naught but words of praise and commen- 
dation have come from all connected with the 
observatory and we think it only right to quote 
the following signed statement, made by Dr. J. 8. 
Plaskett, the director, as it is clearly indicative 
of his opinion of this monument of American 
engineering skill and _ scientific achievement. 
He says: “It gives me pleasure to have ‘this 
opportunity of stating my opinion of the 
72-in. telescope. Before discussing the mounting, 
however, the quality of the optical parts, made by 
the John A. Brashear Company, of Pittsburgh, 
should be referred to. The principle mirror 
of 72-in. aperture and 30-ft. focus is of exceptionally 
fine figure, nowhere departing from the theoretical 
form to a greater extent then one-eighth of a wave- 
length of light, about one four hundred-thousandth 
of an inch. As a consequence’ it gives exquisite 
definition, resulting in very small stellar images, a 
minimum diameter of about 1 second of arc, when 
used in direct photography ; and when the Casse- 
grain combination is used with the spectrograph the 
exposures required are relatively short, indicating 
equally good correction of the convex ‘mirror. 
The optical parts as well as the mounting are of the 
very highest quality. 

“The mounting excels any previously constructed 
in the completeness and beauty of its design, ‘in 
strength and simplicity of mechanism, in ease 
and convenience of operation and in accuracy and 
smoothness of running. The photographs show the 
well-proportioned external form of the instrument, 
while the description and drawings show how few 
parts there are requiring oiling or attention. The 
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evident when it is stated that the average time 
required, when using the spectrograph, to change 
from star to star, from the end of the exposure on 
the spectrum of one star to the beginning of that 
on the next is about 3 minutes. and if the stars are 
not far apart in the sky, is only 2 minutes. The 
driving is extremely smooth and accurate, as even 
with the 108-ft. focus and a power of 1,500 the image 
remains stationary and there is no indication 
whatever of the annoying and troublesome periodic 
driving error so frequently present in equatorial 
telescopes. The slow motions also work very 
smoothly and uniformly without backlash or irre- 
gular motion. In brief, eighteen months use of 
the telescope has failed to show me a single particular 
in which improvement could be effected, and for its 
purposes the whole instrument is so practically 
perfect that its operation is a constant pleasure.” 





THE WORKS OF MESSRS. EDGAR ALLEN 
AND CO., LIMITED, SHEFFIELD. 

Tat the late war, almost from the very day 
it was started by Germany, was an engineers’ 
war has long been generally recognised. There is, 
however, some danger that, as time passes, the 
great part played by engineers who were not 
normally concerned in armament construction may 
be forgotten. Our great private arsenals proved, 
as was anticipated, a reserve of the utmost value 
to our defences ; they did, indeed, yeoman service 
and deserve all gratitude for the very important 
lead they took in assuring victory. But quite 
apart from them, or rather, we should say, working 
hand-in-hand with them, there were numerous 
other firms previously employed on work of a 
non - military character, but who, immediately 
hostilities commenced, readily severing long and 
remarkably well-established trading connections, 
gave up the manufacture of the specialities on which 
their reputation was founded and placed their 
resources unreservedly at the disposal of the 
military authorities. Furthermore, they extended 
and modified their plant and transformed in very 
many instances their methods of working with a 
view better to meet the special requirements of the 
situation. These important changes had frequently 
to be carried through under great difficulties, owing 
to the staff being depleted of skilled craftsmen and 
also, owing to extraordinary delays in the delivery 
of raw materials. 

A typical example is afforded by the war time 
record of Messrs. Edgar Allen and Co., Limited, 
the Imperial Stcel Works, Sheffield, the well-known 
makers of manganese steel, tool steel and special 
alloy steels, files, circular saws, twist drills, steel 
castings, railway and tramway special track work, 
crushing and grinding machinery, cement and 
powdered fuel plant, mining stamp shoes and dies, 
&c. The great experience they had acquired during 
many years past in steel metallurgy and in a number 
of branches of engineering led to their being singled 
out as valuable contributors to the nation’s defence, 
and shortly after hostilities broke out their books 
were full of war orders. Generally speaking, these 
orders were for increased quantities of the firm’s 
standard products rather than for entirely new ones, 
but certain new lines, ac, for instance, bullet resisting 
helmets, were undertaken. The change-over from 
peace to war work was, therefore, more in the 
nature of extensions than alterations to existing 
plant, and to meet the ever-increasing demands of 
the nation, frequent expansions of the works became 
necessary, the total increase in area since 1914 
being 14 acres, bringing the total acreage up to 35. 
During the war period, they ,supplied over 40,000 
tons of castings to other munitions factories, in- 
cluding paravane detail parts, hydraulic shell-press 
cylinders, submarine electric motor and bedplate 
castings, motor lorry wheels, parts of trench loco- 
motives, “tank” chain links and gear, &e. They 
also manufactured bullet-resisting armour plates 
for “ tanks,” high-speed-steel cutting tools, over a 
million special pressed steel bullet-proof helmets, 
cast steel aeroplane bombs varying in weight from 
1 cwt. to 5 cwt., and kept over a dozen national shell 
factories regularly supplied with various descrip- 
tions of tool steel. The directors served upon 
committees and associations formed for the purpose 
of unifying the nation’s output of war material ; 





technical members of their Railway Track depart- 
ment were lent to assist railway construction in 
France, and their steel foundry manager went to 
the aid of the Ministry of Munitions. Another very 
important point which serves further to illustrate 
the firm’s enterprise is that they co-operated in 
providing for the replacing of the pre-war German- 
made tungsten metal by an all-British product 
manufactured by High-Speed Steel Alloys, Limited, 
a company in the forming of which Messrs. Edgar 
Allen played an active part. 


The business was founded in the year 1868 by 
the late Mr. William Edgar Allen, and, while dealing 
for a number of years with a general merchant trade, 
it also concentrated on the manufacture of tool steel 
and files. Mr. Allen sold a very large proportion 
of these products to foreign buyers and acquired 
a high reputation for these specialities of his in 
Italy, Spain, Portugal, among other countries. 
He subsequently purchased the old-established 
works and business of Messrs. Hoole, Staniforth 
and Co., whose experience in the manufacture of 
similar products was already extensive. In the 
year 1890, Mr. Allen was joined by Mr. Robert 
Woodward, the present chairman, and Mr. Alfred E. 
Wells, and in 1892 by Mr. F. A. Warlow, the 
present senior directors, and the firm was converted 
into a limited liability company under the present 
title; in 1891 the business was transferred to the 
present situation, on the south-east side of the road 
from Sheffield to Rotherham, at Tinsley. The 
works then rapidly expanded; a steel foundry 
was put into operation and one of its earliest results 
was the successful production of steel castings for 
dynamo magnets which, up to that time, had been 
made of wrought iron. The firm took over in 1903 
the business of Messrs. Askham Brothers and 
Wilson, Limited, Yorkshire Steel and Engineering 
Works, Sheffield, a name well-known in connection 
with tramway track work generally, and with 
conveyors, ore crushers, disintegrators, air separa- 
tors, &c, The acquisition of the Askham Brothers 
and Wilson business ensured for Messrs. Edgar Allen 
an outlet for their Imperial manganese steel for 
tramway work and the various component parts 
of crushing and grinding machinery which have to 
withstand heavy wear. 

Mr. W. E. Allen died in January, 1915. It is 
fitting for us here to recall that, quite apart from 
his connection with the works he founded and 
which, with the help of his partners, he developed 
to their present status, his name is well-known and 
is revered throughout the country. He founded in 
Sheffield the Edgar Allen Institute for medico- 
mechanical treatment, an establishment of which he 
bore the entire cost. It is open to every working 
man. The treatment given in the Institute has proved 
an inestimable boon also to many of our soldiers 
wounded in the late war. Since its opening, in 
1911, and up to November 30, 1920, as many as 
5,717 civilian patients and 5,066 soldiers have been 
successfully treated. Mr. W. E. Allen contributed 
also very largely to the Sheffield Royal Hospital, 
Royal Infirmary, and other similar institutions. 
He, further, gave the Edgar Allen Library to the 
University of Sheffield. This library was illustrated 
in the issue of The Builder for December 31, 1920, 
in which it is styled “the gift of the late Edgar 
Allen, the founder of one of Sheffield’s large com- 
panies,” our contemporary adding that it has accom- 
modation for 25,648 volumes in the library and for 
97,698 volumes in the stack-room. Amongst Mr. 
Allen’s numerous legacies was one of 50,0001. to the 
university. 

The Edgar Allen works as they now stand are 
shown in the plan, Fig. 1. The older part is bounded 
by the road from Sheffield to Rotherham and by 
the Sheffield and South Yorkshire Canal. The 
newer portion is on the opposite, north-west side 
of the road and was commenced by the transfer 
of the Askham plant above referred to ; it has been 
gradually built up on a prearranged plan which is 
only now approaching completion. It comprises, 
as will be seen, two large steel foundries. What 
we may style a third portion of the plant, and one 
which has recently been put into operation, is 
located to the south-west of the older works, on 


; land fronting Shepcote-lane, as shown in Fig. 1 on 


the opposite page. 





We may conveniently commence our description 
of Messrs. Edgar Allen’s establishments by dealing 
first with this latter section. It has been set apart 
exclusively for the manufacture and assembling 
of railway and tramway special] track-work. The 
section is divided into two distinct departments 
dealing respectively with railway and with tramway 
work, each department having its own designers. 
All castings for tramway work, such as crossings, 
points, vee-pieces, drain-box lids, tongues, anchor 
grips, &c., are manufactured by the firm of their 
Imperial manganese steel. The manganese steel 
rails are obtained from manganese steel ingots also 
cast by them and rolled at outside works under 
Messrs. Edgar Allen’s supervision. 

The site, triangular in shape, has an area of 
14} acres, the base running alongside the Sheffield 
and South Yorkshire Canal, one side fronting on 
to Shepcote-lane, the remaining side being parallel 
with the Sheffield and District Railway, from 
which it is intended to lay in a siding at an early 
date ; this siding will give access both to the railway 
and to the other departments of the Imperial Steel 
Works on either side of the Sheffield-Rotherham- 
road. The whole site was used at first as a tip for 
the steel works’ refuse and has been raised from the 
original formation to an average height of 15 it. 
Great care was therefore exercised to reduce the 
weight of the buildings in every possible way 
consistent with efficiency. In order to meet this 
condition, and to make for rapidity of erection 
a steel-framed construction was decided upon, the 
columns with brick-filling between them being sup- 
ported upon suitably designed reinforced concrete 
foundations. In designing the buildings, special 
consideration was given to the following points. 
The roof glazing was arranged to give the maximum 
daylight possible without sun-glare; all the shops 
and offices are adequately heated by steam and low- 
pressure hot water respectively, and the sanitary 
arrangements are of first class order. Figs. 2 
to 5, on Plate XI, illustrate the constructive details 
of the railway and tramway shops. 

At the present time the buildings comprise a 
large machine and grinding shop to be jointly 
occupied by the two departments engaged upon 
the construction of railway and tramway special 
track work. There are, further, a construction shop, 
two separate groups of offices, an electric trans- 
former and boiler-house, and various auxiliary 
buildings such as stores, time-offices, an ambulance 
room, &c. 

The machine and grinding shop is divided longi- 
tudinally into two separate bays, one 375 ft. long, 
160 ft. wide and 23 ft. 6 in. high to the eaves, and 
one 425 ft. long, with the same width and height. 
The roof is covered on the north side by Mellowes 
patent glazing, and on the reverse side by asbestos- 
cement corrugated sheeting, supported upon angle 
steel purlins. Footwalks have been provided 
inside and outside for ease and safety in cleaning 
the roof glass. The combined floor area of the 
building is 63,258 sq. ft., the roof glazing has an 
area of 41,000 sq. ft. The shop is served by three 
electric 2-ton overhead travelling cranes in each 
bay, and is adequately equipped with hydraulic 
presses, pumps and accumulators, grinding and 
drilling machinery and other requisite machine 
tools. The whole of the line shafting, except 
where the machines are direct-coupled to motors, 
is carried upon self-aligning ball-bearing pedestals. 
The main drives are taken through Brampton 
silent chains from alternating-current motors to 
the line-shaft and by belt for the countershaft and 
final drive. The floors are paved with old oak 
timbers jointed with pitch and tar. 

Other interesting shops in this department are 
the point shop, which we illustrate in Fig. 6, 
Plate XII, and the construction shop illustrated in 
the view Fig. 7. The pump-house is illustrated in 
Fig. 11, page 274. The construction shop has been 
specially designed to facilitate the convenient, safe 
and rapid handling of the material required in the 
lay-out and fitting-up of special track work. The 
building is 150 ft. long, 80 ft. wide and 23 ft. 6 in. 
high to the eaves. The floor area is 11,612 sq. ft. ; 
the roof glazing has an area of 5,500 sq. ft., and the 
side glazing an area of 1,281 sq. ft. This shop is 
served by one 2-ton electric overhead travelling 
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MESSRS. EDGAR ALLEN AND CO.’S WORKS, SHEFFIELD. 





Fic. 


ll. 


attempt having been made to secure an archi- 
tectural effect ; every consideration has, however, 
been given to the provision of ample accommo- 
dation, adequate lighting, heating, ventilation 
and sanitation. 

The office building has been planned in such 
a manner as to secure proper co-ordination of 
all the various offices dealing with railway and 
tramway track-work, and is fitted throughout, 
together with the shops, with private telephones 
worked through the automatic switchboard in the 
Imperial Steel Works’ offices. Post Office tele- 
phones are provided in addition. 

The shops and offices are electrically lighted 
off the corporation mains through the transformer 
house. Messrs. Francis Morton and Co., Limited, 
supplied and erected the constructional steel work, 
while the heating arrangements were installed by 
the Brightside Foundry Company, Limited, of 
Sheffield. 

The foundations, masonry, erection of machinery 
shafting, hydraulic plant, &c., were carried out 
by direct labour. The whole of the drawings 
details, specifications and the supervision of the 
construction were the work of Messrs. Edgar 
Allen’s Engineering Department, in accordance with 
preliminary designs and under the general super- 
intendence of the works’ engineer, Mr. Thomas W. 
Barley, Mr. E. H. Furnival, the works’ electrical 
engineer, having charge of the electrical equip- 
ment. 

In a former issue* we gave an illustrated descrip- 
tion of a large and intricate double-scissors railway 
crossover, manufactured by Mrssrs. Edgar Allen 
for the Buenos Ayres Great Southern Railway. 
The rails used in this crossover were Messrs. Edgar 
Allen’s Imperial patent-rolled manganese steel, 
100-Ib. flange rails, having a total weight of over 
100 tons. In Figs. 8 to 10, cn Plate XIII, we illus- 
trate more recent work of this class, and also of 
tramway trackwork, manufactured by the firm, 
Fig. 8 showing a complete tramway lay-out. while 
Fig. 9 illustrates diamond crossings for double- 
gauge tracks, angle 11 deg. 19 min., built up of 
Edgar Allen’s Imperial rolled manganese steel rails 
with their cast steel V-pieces, for the 
Antofagasta (Chili) Bolivia Railway. Fig. 10 gives 


an interesting view of the track-work for the | 


Chapeltown car depot, Leeds. 
(To be continued. ) 
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OXY-ACETYLENE CUTTING MACHINES. 


Tue cutting of metal by the oxy-acetylene flame 
has been usefully — in various directions for 
many years. Those, however, who are familiar only 
with hand work of this class, even with skilled operators 
comparatively rough, will probably be greatly surprised 
at the speed and accuracy of work which may be 
attained with the assistance of suitable mechanical 
devices. Some time ago we illustrated a small 
machine* for cutting to shapes copied by a follower. 
This machine is styled the Camograph, and is con- 
structed by the Davis-Bournonville Company, of 
Jersey City, New Jersey. The same firm have intro- 
duced certain other appliances in connection with this 
class of work with some of which very interesting jobs 
have been accomplished recently in this country. 

The first machine which we propose to deal with 
now is styled by Messrs. Davis-Bournonville the 
“Radiograph.”” We may say that this machine will 
be shown, we believe in operation, at the forthcoming 
Shipping, Engineering and Machinery Exhibition at 
Olympia. This little machine, together with typical 
examples of the work it will do, we illustrate in Figs. 1 
to 7, on Plate XIV and page 275. Of these figures, 
1 and 6 show the machine itself. The others illustrate 
various operations to which we shall refer immediately. 
The machine weighs about 50 lb., so that it is easily 
portable. It is expressly designed for cutting straight 
lengths, or circles, or, of course, arcs of circles. The 
two views, Figs 1 and 6, show opposite sides of the 
machine, and this fact will help to make our description 
clearer. It is mounted on a carriage supported, 
for straight cutting, on three wheels, which normally 
run on rails. For circular work the machine runs on 
two wheels only and revolves round a fixed centre 
point. 

The motor is mounted on the carriage, which it drives 
through reduction gears. Two back gears are provided, 
which, with change-speed gears controlled by the knob 
a, Fig. 6, enable the machine to be operated on the 
straight at 20 different speeds, ranging from 1-6 in. 
to 21-6 in. per minute. Reverse is also provided, and 
locks for both speed adjustment and reverse The drive 
from the motor is transmitted to the worm and worm 
gear b, the gear being carried by a shaft which in this 
case drives the two carrying wheels c, c,, through 
sprockets and tooth wheels. The third wheel is best 
seen in Fig. 1 just behind the vertical plate shield. This 
wheel is of the caster type, but for straight cutting is 
kept clamped in proper line with the rails by a small 
screw to be seen in our figure. 

Fixed to the carriage at one end is a vertical pillar, 
seen to the right hand in Fig. 1. This pillar supports 
|a compound frame which in turn holds the torch. A 
| casting which is mounted on and can be clamped to this 
pillar carries a vertical slide d, Fig. 6, and on this is 











* See Enorngerine, vol. xcvii, page 94. 


* ENGINEERING, vol. cix, page 606. 








| arranged the sliding cross-arm e. Both slide and 


cross arm are capable of adjustment, the one by means 
of a handle and screw, and the other by means of the 
hand wheel and rack, to be seen in our illustrations. 
The cross-arm carries a swivelling head at its out- 
board end, and in this head the cutting torch is held. 
The head can swivel in both directions so that the torch 
can be set at practically any angle, and can be clamped. 
In connection with the canting of the torch to cut 
at a bevel ungle parallel to the direction of travel, 
it may be noted that the bracket or head is canted by 
hand and remains clamped for the operation. When, 
however, commencing a cut at right angles to a slanting 
face it is necessary to cant the torch so that it is parallel 
to the slant. When cutting has begun the torch is 
gradually brought into the vertical position by means 
of the worm and worm wheel shown in both views, 
Figs. 1 and 6. A plate shield will be seen protecting 
the carriage from the torch flame. 

When cutting on the straight the machine runs on 
pairs of rails of light construction and made in 5-ft. 
lengths. Two lengths are sufficient for any length of 
cut, as one may be lifted and replaced ahead, as soon 
as the machine has got on to the second length. 

The special portions of the machine brought into 
use for taking circular cuts are best seen in Fig. 6. 
They consist of a radius arm f, an adjustable centre 
pin g, and a counterbalance. The machine can be 
adjusted to the required radius either by a movement 
of the centre pin along the radius arm, or by the 
movement of the cross-arm ¢ in or out as the case may 
be. It will be noted that the driving wheel c, is carried 
on a movable bracket, and this wheel, when the machine 
is used for circular cutting is disconnected from the 
driving gear. The caster wheel at the back is also 
allowed to swivel freely so that the machine, when the 
pin g is set in a centre punch mark, is driven round 
in a circle by the one wheel c. The position of the 
counterweight is adjustable so as to bring more or 
less weight as desired on to the pin g to keep it in its 
punch mark. The normal length of radius to which the 
machine will cut is 51 in. maximum, but with a special 
radius attachment larger work can be accomplished. 
For very small radius work the whole arm and slide 
is taken off the pillar, and reversed, bringing the torch 
inside the driving wheel and close to the centre pin. 
It is possible to get the torch within 2 in. of the latter, 
but normally it is not recommended to use the machine 
for circles of less than 6-in. radius. Of course, when 
cutting to a radius the speed of the machine has to be 
suitably adjusted as the torch will travel faster than 
the driving wheel when outside the latter and slower 
when inside. A suitable driving wheel speed must 
therefore be selected to give the required torch move- 
ment. 

The torch used in this machine has three gas adjust- 
ments, The first, the upper cock in the torch, is a 
double cock which controls the acetylene supply, and 
the oxygen supply to provide sufficient for lighting 
up and starting the heating flame. The exact adjust- 
ment of the oxygen for heating is obtained by means of 
a needle valve furnished with a knurled thumb screw 
head. Below these is another cock. This is the 
additional oxygen supply required to produce a cutting 
flame. As soon as the metal has been heated the 
cutting supply is turned on and the machine begins 
to function, as this cock is connected with and operates 
the switch of the motor, which therefore at once 
starts running. 

Figs. 2 to 5, Plate XIV, and Fig. 7, page 275, show 
some examples of the work performed by this machine. 
Fig. 2 gives some idea of the neatness with which thick 
metal may be cut by this means. The slabs in 
question are frames for an electric locomotive, the 
operation being performed in the shops of the Jeffrey 
Manufacturing Company, of Columbus, Ohio. It will 
be noticed that the axle-box guides have been cut out 
and also blocks out in the centre of the slabs. Wherever 
possible cutting is commenced at an edge. But in 
the cutting of central openings, the cut can be started 
by perforating the metal with the torch, or starting 
from a drilled hole. Another interesting example is 
shown in Fig. 7. This is a 16-in. armour plate, while 
the section on the floor cut off, and on the ground, is 
2 in. thick, and intended for test coupons. The rate 
of work in this instance was 4 in. per minute, and the 
consumption of oxygen } cub. ft. pe> square inch of 
cut. The whole depth is cut in one operation. The 
greatest depth for which the machine is ordinarily 
used is 22 in., and for this pressures of about 140 Ib. 
are used for the oxygen supply. The speed of working 
varies from about 18 in. per minute for thin metal, 
$ in. to fin. or so, to about 2 in. per minute for the 
thickest jobs. Steel 36 in. thick has been cut as 
instance below. The pressure of oxygen varies with 
the thickness from 10 Ib. upwards, thick sections of 
8 in. ani upwards using pressures of 100 lb. and more. 

Another armour plate job is shown in Fig. 3. This 
is a bevelling job on the curve and on the straight. 
In the view we give the machine has just finished the 
curved portion. Thé machine is not quite the same 
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RADIOGRAPH OXY-ACETYLENE CUTTING MACHINE. 


THE DAVIS-BOURNONVILLE COMPANY, JERSEY CITY, NW., U.S.A. 
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model ag that of which we have given a description 
above, but is on the same lines. The radius rod is seen 
towards the left-hand. Two typical bits of circular 
work are shown in Figs, 4and 5. The former illustrates 
the use of the machine in cutting discs of plate. 
Attention may be dirécted to the small caster wheel, 
which is clearly shown at the near corner of the shield. 

he remaining illustration is of circular pieces cut out 
of slabs of steel 9 in. thick. These discs are cut at the 





ArmovuR-PLate 16-In. Tuck. 


rate of 5 lineal inches per minute, taking 20 minutes 
for each cut of half a circle. The variety of work to 
which the Radiograph may be put is also illustrated 
by its use in cutting up a large forged slab, 12 in. thick, 
to form two crank webs, with balance weights. The 
crank was for an engine of 24-in. stroke and had 
153 in. and 15-in. main shaft and crank-pin fits. 
Overall each web measured 66 in., its greatest width 
over the balance being 46 in. At the crank-pin end it 





was finished to a radius of 16 in. and this, with various 
other curves, gradually increased to the 46-in. width 
at the balance end. The slab was cut up and the 
webs shaped at a speed of from 3 in. to 34 in. per 
minute, the torch cutting to within } in. of finished 
dimensions. In another instance, a riser, 36 in. in 
diameter, weighing 30,000 lb., was cut off a casting for 
a 7,500 ton forging press in a little over 1 hour. 

In cutting a roll shank of 0°60 carbon steel, a cut 
45 in. long through a thickness of 18 in. was accom- 
plished at the rate of 2 in. per minute. The pressure 
of oxygen used was 125 lb. and the consumption 
720 cub. ft., giving an area cut per cub. ft. of 14 sq. in. 
In another job, on 0°30 carbon steel, an anvil casting 
was cut through, the thickness being 8 in. and length 
of cut 24 in. 90 Ib. pressure was employed for the 
oxygen, the consumption of which worked out at 
60 cub. ft., giving 3-2 sq. in. per cub. ft. The cutting 
speed was 3 in. per min. he acetylene pressure is 
about 5 Ib. per sq. in. 

It may be pointed out that stepped cuts can be made 
without interrupting cutting when the machine is 
arranged for working on a straight line. This may be 
accomplished by allowing the motor to traverse the 
machine on the rails up to the step and then switching 
the motor off and running the cross-arm out or in by the 
hand wheel at the proper cutting speed, re-starting the 
motor when the new line has been reached. It is also 
possible to run from the straight off on to curves, and 
vice versa. This operation is performed without the 
rails and by screwing down the centre pin into the 
punch mark when it is reached, sufficiently far to raise 
the wheel c,, Fig. 6, off the plate. 


(To be continued.) 





THE CLARKSON STEAM LORRY. 

THE earliest of the self-propelled vehicles to run on 
roads used steam as their motive power, but with the 
development of the internal-combustion engine, steam 
altogether lost its place in road transport except for 
traction engines and some of the heavier lorries. Its 
natural advantages, however, are considerable in many 
directions, the flexibility of the steam engine and its 
pertinacity of working under almost any conditions 
short of actual breakage having no counterpart in the 
internal-combustion engine. These features have 
always retained for the steam engine the position of a 
powerful potential competitor with its rival, even 
though for some years it seemed to have suffered an 
almost total eclipse, so far as the bulk of road transport 
is concerned. Another, and very important advantage 
of the steam engine lies in the comparative cheapness 
of its fuel, especially if coke or anthracite is used. This 
consideration has become of more and more importance 
as petroleum products have risen to many times their 
pre-war price and consequently it is not ho vg 
to find a good deal of attention being given the 
question utilising steam propulsion for a greater 

ion of the traffic on roads. 

The name of Mr. Thomas Clarkson has for a long 
time been associated with the development of steam 
road vehicles, and many of our readers will be familiar 
with the Clarkson steam omnibuses which until recently 
worked on various London routes. These vehicles 
were not withdrawn for any mechanical defect, but 
were transferred to more lucrative employment in the 
country, where they now furnish a lar transport 
service between certain towns and villages. ey 
used liquid fuel for steam raising, but thir designer 
has now developed a type of vehicle which burns coke, 
and which in many respects marks so t an advance 
upon previous practice that it is worthy of a somewhat 
detailed d The new vehicle, fitted with a 
wagon body, is illustrated in Fig. 1, page 276, an outline 
of the chassis is given in Fig. 2, and details of the 
engine, boiler, &c., are shown in Figs. 3 to 12, on pages 
276 and 277. Itis manufactured by Messrs. Clarkson, 
Steam Motors, of Chelmsford, Essex. 

Except for the presence of the chimney, in Figs. 
1 and 2, the vehicle might almost be mistaken for an 
ordinary motor lorry, and the resemblance is indeed 
much more than superficial. It contains change-s 
gear constructed on the ordinary motor-car lines, 
and the operating levers for this and for the brake 
are arranged exactly as in a motor vehicle, The pedals, 
moreover, correspond as well, so that the Clarkson 
chassis may be operated immediately by drivers who 
have no previous experience of steam-driven vehicles. 
As will e later, the boiler is controlled 
automatically both as regards its rate of producing 
steam and its supply of feed water, so that the driver 
has practically more to do, or to look after, 
than if the vehicle were of the ordinary pete type. 
The similarity in appearance to a petrol vehicle is 
further enhanced by the condenser whieh takes the 

of the usual radiator and is of practically 
identical construction. It should be noted that 
the provision of a condenser is a considerable advance 
upon general steam wagon practice, as it allows the 
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vehicle to travel long distances without replenishing 
its water and greatly reduces the deposit of scale in 
the boiler, with a consequent increase of efficiency 
and reduction in the time and labour required for 
boiler cleaning. 

One of the most interesting parts of all steam vehicles, 
because of the variety of the troubles to which it may 
give rise, is the boiler. The new Clarkson boiler, shown 
in section in Fig. 3, page 276, is of very original design, 
and having been constructed in the light of lengthy 
experience of such things it would appear to be free 
from the particular defects which have beset so many 
of the attempts to produce a boiler suitable for the 
conditions of road transport. The boiler is probably 
unique in being free from any riveted or welded joint. 
It is composed essentially of two pieces of solid drawn 
cylindrical steel pipe, flanged in the manner shown 
and fastened together by studs. The joints are made 
by means of copper rings, and by undoing the nu 
the inner part can be entirely withdrawn for i i 
or cleaning. There are no boiler tubes at all, the 
necessary heating surface being obtained by conical 
pressed steel thimbles projecting inwards from the walls 
of the inner cylinder. These thimbles are inserted into 
reamered holes and are all tightened in place simul- 
taneously by the hydraulic pressure used to test the 








3 
boiler. At first a slight beading was left on them 
to prevent any r of them being ever forced through 


the plate, but this has proved to be entirely un- 
n as the highest pressure that the boiler will 
stand fails to force them inwards by more than a 
minute fraction of an inch. The working pressure in 
the boiler tends to —- them in place and we under- 
stand that no trouble from leakage has ever been 


a P 
t might be thought that there would be a liability | th 


for scale to accumulate inside the thimbles, as the 
latter are blind-ended, but experience shows that this 
does not occur. Indeed, as an experiment, the far end 
of the interior of a thimble has been plugged with 
artificial scale which in course of time was gradually 
washed away by the action of the water. This action 
has been studied in a glass model and it ap that 
a definite circulation, inwards along the lower side 
of the thimble and outwards along the upper, gives 
place under certain conditions to a ion of 
the water which has a cleansing effect on the 
interior of the thimble. 
The feed water enters the boiler on the outside of 
annular shield which prevents it coming immediately 
into contact with the inner shell, the arrangement 
being clearly shown in Fig. 3. The boiler heating sur- 















































face is 37-2 sq. ft. and the grate area 1-57 sy. ft. The 
steam passes away from the highest part of the boiler 
by means of a pipe forming a long spiral coil, which 
acts as a superheater. The normal working pressure of 
the boiler is 300 lb. per sq. in., and the temperature of 
the steam from 620 deg. to 650 deg. Fahr. Steam 
can be raised in 15 minutes from cold water by the 
use of forced draught, and in 20 minutes to 25 minutes 
by natural draught. The water supply to the boiler is 
regulated automatically, and it requires no attention 
on the part of the driver. The mechanism will be 
understood from Figs. 4 to 7, on page 276. A float 
chamber, carrying a solid steel float, counterbalanced 
by an external weight, is in communication with both 
the steam and water space, as shown in Fig. 3. When 
the float rises above its normal position it lifts the 
suction valve of the feed pump and stops further 
delivery of water. The position of the float at any 
time, and thus of the water level in the boiler, is 
indicated by a pointer working in a quadrant in full 
view of the driver. 

In all such devices dependent upon the action of 
floats, it is essential that any friction which would 
oppose the movement of the float should be reduced to a 
minimum, otherwise the operation of the apparatus 
will be erratic, or may even cease altogether. In the 
present case the float spindle has to be packed by a 
steam tight gland, which, incautiously tightened, would 
seriously interfere with the sensibility of the apparatus 
were it not for a most ingenious arrangement of 
Mr. Clarkson’s which completely eliminates the effect 
of such friction. This consists in giving a continuous 
to-and fro motion to the spindle by means of the lever, 
shown in Fig. 4, which is operated from the engine. 
A consideration of the “ triangle of forces ”’ will show 
that the least tendency of the float to turn the — 
will cause an actual rotation of the latter if a longi- 
tudinal force sufficient to overcome the stuffing-box 
friction be applied. Thus for all practical i ge 
e mechanism is frictionless however tightly the 
gland be screwed up. 

The regulation of the boiler pressure is effected by 
the device shown in Figs. 8 and 9, on 276. Live 
steam acts upon the lower end of the spring-controlled 
piston, and, acting in er to the spring, it holds 
to its seat the small valve formed by an extension of 
the piston rod. This valve controls a jet of steam in 
the chimney which induces a strong draught through 
the fire. If the steam pressure drops bdlew normal, 
the spring opens the valve and the fire is rapidly 
stimulated to meet the demands upon it. Like the 
water- ting device, the regulator demands 
no attention, and it <eriataly saiatoins a wonderfully 
constant working pressure under varying conditions of 
road and traffic. The vehicle may indeed be left 





unattended for hours with the engine turning slowly 
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as the lubrication, water level and steam pressure 
are all perfectly maintained automatically. 

The engine used on the Clarkson steam vehicle is 
compound and is of the two-cylinder double-acting 
vee-type, both connecting rods being coupled to a 
single crank. The cylinders are 3} in. and 6 in. 
diameter respectively, by 4 in. stroke. Each cylinder 
is fitted with piston valves, and the whole engine is 
supported from the chassis frame by trunnions which 
permit the natural springing of the frame to occur 
without distorting or straining the engine. 

The general arrangement of the engine is shown 
in Figs. 10 to 12, on 276, the illustrations a'so 
making clear the leading features of its design. A 
single eccentric on the forward end of the crankshaft 
operates the piston valves and a worm formed on the 
other side of the crank drives an enclosed vertical shaft 
which actuates the lubricating pumps and the boiler 
feed pump. The normal speed of the engine is 800 
r.p.m, The lower part of the crank casing contains 
an oil sump, from which the gear pump shown draws 
directly its supply of lubricating oil for the bear- 
ings. The pump is normally submerged, and the level 
of the oil is shown by a mechanical indicator operated 
by a float and instantly visible to the driver from 
his seat on lifting a hinged protecting cover. Thus 
the use of oil gauge glasses with their liability to leak- 
age and fracture, and their general state of dirtiness, 
is avoided, 

Turning to the chassis and transmission gear, we have 
already referred to the use of change-speed gear, an 
innovation in connection with a steam engine, which 
simplifies the engine by eliminating the necessity for 
reversing eccentrics and link motion. The gear-box 
has three forward speeds and a reverse. With the 
engine running at its normal speed of 800 revs. per 
min., the road speeds are 4, 8, and 16 m.p.h., the 
last being a direct drive. A single-plate clutch is 
employed, and the final transmission to the road 
wheels is by means of worm gear. The wheels are 
of cast steel with the usual solid rubber tyres, and both 
front and rear axles are fitted with roller bearings. 
Any wheel can be removed without risk of the 
bearings being damaged by dirt or other causes. 
Steering is effected by means of a worm and wheel 
mechanism, enclosed and self-lubricating, no bell- 
crank being used. 

The chassis of the Clarkson lorry is only slightly 
heavier than that of a petrol-driven lorry of equal 
carrying capacity, and it compares favourably with the 
latter in point of price. The saving in the cost of fuel 
is, however, so great that comparisons between the 
types in this respect, are overwhelmingly in favour 
of the steam vehicle. With coke at 40s. per ton, and 
a consumption of 4-5 Ib. per mile, which is what the 
3-ton Clarkson lorry requires when working 80 miles 
to 100 miles per day on long-distance traffic, the fuel 
cost per mile works out at less than ld., or about one- 
fifth the fuel cost of a petrol vehicle. On local traffic 
with a ey mileage of 30 or less, and many stops and 
waits, the fuel consumption works out to about 7-3 Ib. 
per mile, the cost being just over 1}d., as compared 
with 6d. or more for a petrol lorry. Owing to the 
condensation of all the steam used, except that required 
for blowing up the fire, the water consumption is small, 
and replenishment is only needed once in 100 miles or so. 

The practice of condensing very greatly mini- 
mises the amount of boiler cleaning required and the 
comparative absence of scale tends to the maintenance 
of a high steaming efficiency. Indeed, the economy of 
water and the benefit to the boiler, constitute the 
main objects of condensing. A high vacuum is not 
aimed at, and though as much as 124 inches is 
sometimes obtained, the usual vacuum is more like 
five or six inches. The oil, which is carried from the 
engine cylinders in the exhaust steam is completely 
eliminated irom the condensate before the latter is 
returned to the boiler. This is effected by means of a 
small Davis-Perrett oil extractor operated by the 
current from the dynamos and battery which furnish 
the lighting of the vehicle. 

A vehicle of the type we have illustrated and des- 
cribed has been subjected to a month’s test at the 
Royal Naval Dockyard, at Portsmouth. It was driven 
throughout az one of the yard drivers, and we may 
quote the following sentences from the official report 
of the trials: ‘“ Generally the result of the month’s 
experience has demonstrated that the lorry is y 
satisfactory, both as economy, ease of 
and reliability of operation. The mechanism is con- 
sidered to be, on whole, less liable to failure or 
interference with its continued efficiency, than that of 
the petrol lorry. the period under report, 
there was eee = ee and the i us 
automatic a worked without a hitch. i 
regard to the ease of it & 


8 and of handling, it is| i 


considered that this car could be efficiently operated 
by a woman or a disabled soldier, in which tit has 


an advantage as compared with petrol lo of the 
same size.” . 





INDUSTRIAL NOTES. 


Tue Joint Industrial Council for the Printing Trades 
held meetings last week to consider the question of 
wages reductions. After lengthy discussions it was 
decided to recommend the unions to take an 
immediate ballot on the following revised terms put 
forward by the employers :— 

1. A reduction of 7s. 6d. per week for fully qualified 
male workers, of which 5s. shall take effect on the pa 
day in the week ending August 27, and a further 2s. 6d. 
per week on the pay day in the week ending September 
24. 

2. Three shillings per week reduction in the wages of 
qualified women workers, 2s. reduction to take effect 
on the pay day in the week ending August 27 and ls. 
on the pay day in the week ending September 24, with 
Pa reductions in the wages of male and 

emale learners and apprentices, 





The annual conference of the Miners’ Federation 
of Great Britain opened at Llandudno last Wednesday. 
Mr. Herbert Smith, vice-president, occupied the chair 
and delivered a presidential address. 

In the course of this, Mr. H, Smith said that owing to 
the economic position of coal during the war, an unreal 
sense of power and importance was developed in the 
minds of the workmen, Referring more particularly 
to the late strike, Mr. Smith said an error was made 
in withdrawing the safety men from the collieries ; the 
consequences of this action on the part of the miners 
were seen to-day in those districts and collieries where 
employment was scarce, This policy also lost the 
miners public sympathy and caused resentment among 
their colleagues of the Triple Alliance, Mr, Smith 
further stated that the miners had entered into an 
agreement, the fundamental principles of which were 
sound, although there might be room for improvement 
in details. If there were conditions of employment 
-— to the miners, but not possible within the limits 
of private capitalism, they must seek to obtain them 
by simple constitutional and evolutionary methods. 
As long as the miners were subject to the institution 
known as private enterprise, they must try to make the 
most of it, and not assume that the way to bring it to 
an end was to reduce the industry to chaos, 

The agenda of the conference includes the nomi- 
nation of a new president to replace Mr. Robert 
Smillie who resigned that office before the late coal 
strike took place. It also includes a number of reso- 
lutions in connection with the Workmen’s Compen- 
sation Act, a five-day working week, a six-hour day, 
the abolition of piece work, the nationalisation of the 
mines, &c., on which we propose to report in our 
next issue. 





It is announced that the chemical workers of England 
and Wales, to the number of about 30,000, threaten to 
come out on strike owing to the proposal on the part of 
the employers to reduce wages by 2d. perhour, A ballot 
of the operatives on the proposal shows the following 
figures: Against acceptance, 10,510; For, 434; 
a majority against of 10,076. After the ballot a resolu- 
tion was passed at a conference held in Manchester last 
Saturday stating that “this conference gives notice 
to the chemical employers that all workpeople will cease 
work on August 27 unless in the meantime wages are 
re-adjusted to a satisfactory rate.” 

Following this action on the part of the operatives, 
Messrs, Brunner, Mond and Co. have issued a declaration 
to the effect that the only course open to the directors 
is to give notice that unless within the next few days 
they receive the assurance of the intention to remain 
at work from a sufficient number of operatives to enable 
manufacture to be carried on, the works will be closed 
as from the 27th instant. 





The monthly report for August of the United Society 
of Boiler Makers and Iron and Steel Shipbuilders states 
that expenses taken from monthly sheets for July 
showed a total of £110,073 2s. 9d., as against an expen- 
diture of £36,286 from monthly sheets for June. The 
report adds that this heavy increase shown for July 
is due to the more complete returns of branch expendi- 
ture for that month, in conformity with instructions 
given in the preceding report. 





The Secretary of the London Iron and Steel 
Exchange, Limited, in his report of the meeting held 
last Tuesday, states that the prices of British finished 
steel are still too high to compete successfully with 
the prices quoted continental manufacturers. 
German, Swedish and other foreign merchants are 
ae the overseas markets and are oBering 
mate at ridiculously low prices. It.is assum 
that these quotations are the outcome of speculation 
+ og exchange movements and a fall in freights. 

is has an unsettling effect upon British business... 


The account of income and expenditure given in the 


‘lat«st report of the United Patternmakers’ Association, 


for the quarter ending on the last meeting night in 
June, 1921, shows a total expenditure of 59,2241. 6s. 6d., 
and a total income of 29,740/. 0s. 10d., giving a loss of 
29,4841. 5s, 8d. for the quarter. 





At the time of going to press it is announced thatthe 
shipyard joiners’ strike, the last reference to which 
we made on page 216 ante, has been settled, and that 
the men will resume work next week. An arrangement 
is stated to have been arrived at between the Ship- 
building Employers’ Federation and the men’s union, 
according to which there is to be an immediate reduc- 
tion in wages of 6s. per week, and a further reduction 
of 3e. per week in October. A further reduction of 3s. 
per week is to be considered in December, together 
with other matters. The men are to resume work 
next Monday, 

The strike, which has lasted about nine months, has 
had a very damaging effect upon British shipbuilding. 





THE JUNIOR INSTITUTION OF ENGINEERS. 
To-rae Epiror oF ENGINEERING. 


Srr,—I am sure that the great majority of the members 
of the Junior Institution of Engineers will agree with 
every word you say about the Institutionin your editorial 
article this week, and will be grateful to you for showing 
so clearly where the present policy of the Council is 
landing us. 

We noticed, some time ago, that the word “ Junior ”’ 
on the cover of our monthly journal, had suddenly shrunk 
almost to invisibility as compared with the rest of the 
title, but nobody made a row about it, so now we have 
the next stepin the scheme. It looks like a move on the 
part of some people to become members of a “senior ”’ 
society by joining ours and then altering its name and 
constitution. I think the Council will find at the next 
General Meeting, that we wont have it, and if they persist 
in their policy, they will wreck the Institution. 

We don’t object a bit to older men joining the Institu- 
tion, in fact, we owe a very great deal to the help and 
advice of some of our older members. We have plenty 
who are bald and grey headed, but we are always glad 
to see them at our meetings, as they are still * Juniors ”’ 
at heart and don’t try to look down on us because they 
happened to be born earlier. I am quite sure that they 
don’t want to be labelled as being superior to the rest of 
us. 

Yours faithfully, 
“ JUNIOR.”’ 





To THe Eprror or ENGINEERING. 


Srr,—It is with great satisfaction that I have read 
your leading article entitled “‘The Younger Men,” which 
a on page 255 of your last issue. “As one of the 
° t members of the Junior Institution of Engineers, 
I have watched with wing dissatisfaction the lines 
on which the officers of this most useful Association of 
the junior members of the profession have been tamper- 
ing with its constitution. If your remarks cause them 
to pause before putting the latest alterations to the rules 
into effect, you will have done a great service. 

One of the earliest traditions of the Institution was 
that the members met on a basis of perfect equality. 
There was a perfectly free exchange of opinions, and a 
Bohemian spirit prevailed, that took no account of the 
status of the individual member. He who held a respon- 
sible position, met and talked with the first-year appren- 
tice as an equal. There was no separation into castes 
and grades’; age and eminence were of no account in 
our eyes, and the youngest read his paper or joined in 
the discussion without fear or diffidence. 

Some years ago the members were divided into full- 

members, associates and cadets ; and then I feared the 
thin end of the wedge had been introduced. Now it is 
sought to confine full membership to those who hold 
“responsible positions.” This is exactly what I anti- 
cipated. It tears up the old traditions by the 
roots. 
There are other Institutions which engineers can join 
if they want to be graded according to age and standing 
in the profession. Where white beards and bald heads 
are a necessary qualification for a seat on the Council 
Bench, and where papers are read on the great works 
with which engineers improve the geography of the 
world, It is right and proper that in such places that 
the younger members should look up to and respect 
their elders, and only the front benches should join in 
the discussions. 2 

But the Junior Institution of Engineers is quite 
another galley. It will gain nothing by trying to reform 
itself on the lines of these older societies, and it has 
much to lose, Catering for the rank and file, it has a 
much wider field from which to draw its members, and 
though it might easily them in the numbers, 
there is no reason why there should be any werg ac om] 
of functions. It is futile to try and make it a kind 
of 1}-in.-to-the-foot working model of the senior Insti- 
tutions. It sacrifices the dignity which its age and past 
success have earned for it, 

Hitherto the Junior Institution has recsived the 
eoqrod ing assistance and fepreet of the other great 

ies and their members. y of the most. exalted 
ornaments of the profession have filled its Presidential 
Chair; its status and traditions have been recognised 
and approved, and its members have received hospitality 





in: five: Continents; and so I trust the Council wil! 
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hesitate and consider very carefully before they indulge 
in any tinkering with the foundations which wt older 
members laboured carefully to consolidate. r 

Having been a member for 35 years, I have long -sinee 
felt it right to leave the management to younger hands, 
and I am genuinely sorry to find myself not at one with 
them. “I cannot, however, “refrain — - 
and hope to see the matter brought up for further dis- 
cussion at the next Annual General Meeting, and a lively 
debate, especially by the younger members. 


Yours truly, 
40, Chancery-lane, W.C.2. A. H. Tyner. 





To tHE Eprror or. ENGINBERING. 

Srr,—I am, alas, not one of the younger men, for 
I have been a member of the Junior Institution, of 
Engineers for over 35 years. But to me and the many 
of my brother members who, holding “ posts of res- 
ponsibility,” nevertheless object to being inflated into 
a state of spurious seniority, your leading Editorial of 
August 12, dealing with the Institution is most grateful 
and comforting. 

Someone has blundered. The intention IT am sure is 
good ; good intentions, it has been said, do. more harm 
in the world than malice. The ment of the 
Junior Institution has been extremely vigorous of late 
years, The average age of its mem has risen in 
company with the growth of its numbers. Some of the 
men who were not in the Institution (or its forerunners) 
in their teens, have never quite: fully realised that the 
Institution is not for them primarily. They are welcome, 
indeed ; but only so long as they bear in. mind that they 
are not there for their own sakes alone, but mainly to 
help the younger men. Otherwise their. true: status 
is that of paying and respected guests, and the Institu- 
tion is not their spiritual home ; though it may become 
such if they are the kind of senior-who is capable of 
sinking his seniority temporarily. There is the self- 
conscious senior (not of srcmee LE seniority or of 
important standing as a rule), who thinks that member- 
ship of what I have heard him term a “ boys’ society,” 
is beneath his dignity. So it is. But he misses the 
point ; it is the Civils or the Mechanicals or the Royal 
Society that he needs, Not a body whose components 
should essentially be boyish. There is in our Junior 
Institution no place for the bumptious senior, or for 
the even more bumptious junior, either of whom would 
like to think (but he will be mistaken) that membership 
of a Junior Institution of Engineers makes him by the 
mere lapse of years, a senior entitled, as such, to swagger 
over the Junior Member, and to rank with the seniors 
of other Institutions. It will not thus exalt him. 

Nor is there any place for the real senior who takes 
so large a view of himself that he cannot comfortably 
mingle once &@ month, or even once a week with beginners 
and unimportant subordinates in his profession, or may 
be, in his-employ. 

I suspect these kinds of person of a mild and uncon- 
scious snobbishness, manifest as a desire to puff out 
our Junior Institution into a quasi senior Institution. 
He may succeed.in doing so perhaps ; but it will occupy 
a somewhat undignified place in the tail of the seniors, 
instead of being where it undoubtedly is now, at the head 
of all Junior Institutions, 

Look at the list of our famous Past-Presidents. No 
really senior Society of any sort can show a finer array. 
They took a real and active interest in us (I knew many 
of them), because we were as an Institution essentially 
junior. I cannot imagine that they would have taken 
any particular interest in us had we been merely make- 
believe seniors. 

You have seen, Sir, that we, perhaps unwittingly, 
are in danger of a change in our character, and you have 
pointed out the unwisdom of allowing this change to 
be made or to be recorded in a Rule. I speak not only 
for myself, but also for many of my brother members 
abroad, who although they occupy “ positions of res- 
ponsibility’’ and enjoy the emoluments appropriate 
thereto, have not the slightest desire to be labelled 
as being larger than anybody else in the Institution. 
By all means let us inerease our subscriptions ; every- 
thing is expensive now. But let.us keep for young and 
old alike our ancient youthfulness. : 

Yours faithfully, 
W. J. TENNANT. 





MILDNESS AND TOUGHNESS. 

To tHe Epiror or ENGINEERING. 

Sir :—During the last few years a good deal of dis- 
cussion has been devoted to the indications of impact 
tests on notched metal rods, and there appears to be 
& growing tendency to regard the word “toughness ” 
as one denoting the particular property which is dis- 
closed by these tests. 

The specimens are torn in two by a blow from a swing- 
ing weight. The process of tearing consists almost 
entirely of distortion; a substance breaks when its 
distortion exceeds a characteristic angle @, which, like 
other physical properties, depends upon the tempera- 
ture and pressure. The value of @ in materials classed 
as “steel”” may be anything from practically zero to, 
say, half a right angle, i.c., the range of thie quality is 
considerable ; the strength of “steel ’? may be regarded 
‘ comparison as constant. Impact tests cannot be 
ranked among the most precise physical determinations, 
and the indication they give will apparently be one of 
8, with possible minor complications due to differences 
of strength and other properties. 

The old “ tensile test’ offers an alternative method of 
measuring 6, and is in some respects preferable to the 
'mpact test; the “ percentage reduction of area” can 
readily be converted into degrees of distortion, whereas 
even the younger readers of ENGINEERING might find 





it difficult to quote the cosine of a foot-pound. The 
2 aren identity of “impact value” and “ percenta 
auction of area?’ is satisfacterily confirmed by t 
reeent ‘report of the Stee] Research Committee ‘of the 
Institution of Automobile Engineers, which, so far: as 
your correspondent is aware, is quite the most important 
record of impact tests need | je to the: general public; 
the experiments show that, with one or two exceptions 
— @ property other than @ has an appreciable in- 
ce) “impact value”’ can be infe from “ per- 
centage reduction of area’’—and vice-versa—for the 
i range of steels commonly used in the automobile 
trade, 





0 ional excepti are to be expected, and can 
readily be. accounted for ; the utility of impact tests must 
lie in their normal] indication, which corresponds to a 
property whose importance merits something better 
than a Greek letter as a name: Clerk Maxwell has 
defined @ as “mildness.” (or “mildness” as @), and 
Maxwell @nd Mr. A. Mallock agree that toughness is 
rem cvewe teen I have been unable to find anything 
contrary to their view in the writings of earlier authori- 
ti 


langusge. but the rational study of solidity is already. 
8s iently hampered by the indiscriminate association: 
of words and things. Humpty Dumpty told. Alice 
(scornfully): that * I use @ word it means just 
what I choose. it to mean—neither: more nor less,” but 
he had to admit that there was an inconvenient clamour 
on Saturday nights when the words came round “ for to 
get their wages.”” The regular employment of “mild- 
ness’ would at least save overtime payments to “tough- 
ness,”’ 
Yours faithfully, 
‘ J. INNEs. 
4, Eslington Road, Newcastle-on-Tyne. 
August 11, 1921. 





RECIPROCATING PUMPING ENGINES 
VERSUS TURBINE-DRIVEN CENTRI- 
FUGAL PUMPS. 

To THe Eprror oF ENGINEERING. 

Sir,—In your issue for July 8, on page 74, you printed 
a paper contributed by Mr. Hugh Lupton to Section ITI, 
of the Engineering Conference convened by the Institu- 
tion of Civil Engineers, containing a remarkable compari- 
son. between the performances of some reciprocati 
pumping engines and some turbine-driven centrifuga 
pumps. After carefully examining the it seems 
to me that, in the interests of those who will read'them 
uncritically, they should not pass unchallenged. 

I am aware that properly to discuss the comparison 
between the two classes of pumps, and to mt con¢lu- 
sions at variance with those given in — a ye a 
be n to accompany any remarks. wit in 
support of the views @ . 

nfortunately, I have no such data from actual 
installations. and it would require much: time to collect 
the information. Therefore, one must. ¢Gonfine: oneself 
to the question of whether or not the data given 8 
the contention that the “triple reciprocating engine is 
the most advantageous proposition.”’ 


inted out that the cost of foundations an buildings 
been neglected and the case for the turbine driven 
pump was seriously prejudiced thereby. The capital 
cost for machinery alone was not discussed. Using the 
data given by Mr. Hugh Lupton, the machinery costs 
can be calculated as follows :— 


Taste I.—Triple Expansion Pumping Engines. 


Capital Total 
Name. cost per Capital 
W.H.P. Cost. 
£ £ 
Leeds City ... 47 ° 7,880 
Bristol ose 56 9,410 
Rosario 41 8,560 
Odessa 37 14,050 
Rand wis 34 15,660 
Taste II.—Turbine-Driven Centrifugal Pumps. 
Capital Total 
Name. cost per Capital 
W.H.P. Cost. 
£ £ 
Estimate (1) ue 30 4;320 
Bristol Trial. De 
Laval... we 13°15 3,420 
Estimate (4) 18-35 5,290 
Estimate (5) 15 6,480 
Estimate (7) 12-62 7,270 


Immediately these figures are examined they present 
a totally different value. The entire ‘ comparison”’ 
depends upon one single actual installation (Bristol 
Trial) and four estimates. The actual installation 
is a De Laval plant with a 14 to 1 gear reduction, and 
every one of the estimates is a geared set, which, of 
course, carries transmission losses with it. 

The capital costs of the oe expansion sets are all 
obviously pre-war prices, and apparently the correction 
of figures to 1918 prices has only been applied to the 
unfortunate ‘‘estimates’’ for turbine-driven plants. 
The Margate engine is the only case where a post-war 
capital cost could have been included for the triple sets, 
and here we find a significant blank. - 

Sir, I beg to submit that the case for the turbine- 
driven centrifugal pump has been hopelessly prejudiced. 

Perhaps the subject should not be left without pointing 
out that Mr. Lupton’s comparison is essentially: one 





es. 
I hesitate to address you, Sir, on a mere- question: of | fiir 


ay 


rate of diffusion of 


In the oral discussion on the figures, Mr. J. H. Batker'| 


turbinés, and must not be confused with the issue of 
reciprocating pumps versus turbine pumps. The natural 
drive for a turbine pump of moderate output is an electric 
motor, and a combination of this sort can generally 
compare favourably with almost any other pumping 
unit. 
Yours faithfully, 
Owen A. Price. 

5, Cavendish-place, Troon, August 16, 1921. 





RATE OF DIFFUSION ©F CARBON INTO 


Tune still some ong ge wd to the wayin which 
carbon. diffuses into iron. In. cementation ess 
direct contact between the iron and the powdered char- 
coal is essential. According to Le Chatelier and 
Bonnerot no. cementation takes place in the absence 
of any in a vacuum, whilst Guillet and Griffiths 
obtai some tion in a vacuum the char- 
inst: the iron. Iris Runge, who has 
problem at Géttingen (Zeitschrift 
Chemie 115, 293-311, February 
21, 1921), believes with Giolitti and Astorri, that gases 
an important in the tion, but that 
penetration is a ——.. In order to study the 
into iron, she had to work 
us gases, While Giolitti had in similar 
researches analysed the successive layers of an iron 
wire heated in a us gas, Iris Runge relies on 
the increase of the electric resistance of the wire and on 
microscopical examination. She makes the assumption 
that the increase in resistance will be proportional to the 
amount of carbon absorbed by the iron; the assumption 
is somewhat questionable, but seems justified by her 
experiments, ially idering that iron does not, 
under her experimental conditions, take up more than 
1-5 per cent. of carbon at near 1,000 deg. C. 

The wires used in the experiments were 0 -§mm.,in diam., 
50 cm. or 25 cm. long, wound to a spiral] of 2-5 cm. length, 
and enclosed in an electric furnace. By copper leads, 
2mm. in diam., the wires were led to a Wheatstone bridge 
for resistance measurements accurate to 0-001 ohm., 
and taken every few minutes. The wires, mostly 
electrolytic iron, were first heated in a current of hydrogen 
or nitrogen until the furnace temperature and the 
resistance had become constant; this took about 
two hours, during which the resistance rose to about 
ten times its original value. The current of the respective 
gas was then turned on ; the tried were: coal gas, 
as such or diluted with. hydrogen or nitrogen ; vapours 
of h i tol , petrolether and methyl- 
alcohol, likewise diluted. The change in resistance 
observed would of course partly be a temperature effect. 
Sometimes a mE in resistance was noticed, attribu- 
table to carbon; when there was a change; the wire would 
mostly be covered with loose sooty carbon; this was 
especially noticed with hexane, and was least noticeable 
with toluene. there was no change in the resis- 
tance, little or no carbon. would be found in the iron 
on subsequent examination. It was clear that the 
presence of hydrogen facilitated the penetration of 
carbon into iron, though the results were not very 
concordant. The rise of the resistance was generally 
rapid at first ; within about 40 min. constant conditions 
would be attained, The absorption of 1 per cent. of 
‘carbon increased the resistance of theiron at 920 deg. C. 
by 5-7 per cent., at 830 deg. by 7 per cent,, at 18 deg. by 
40 per cent., the increase ing reckoned on the corre- 
sponding temperature. The diffusion co-efficient at 
930 deg. C. was 2 x 10-7 sq. cm. per second, and with 
an active gas 0-6 mg. of carbon passed through 1 sq. om. 
of iron surface in the first three minutes. There was no 
appreciable cementation below 700 deg., and the rate of 
cementation rapidly rose at. higher temperature. The 
mixed crystals formed above 900 deg. consisted of 
cementite and pearlite. 


coal was 
been investigating 
Ano’ i 
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PersonaL.—The Bucyrus Company, excavating and 
mining machinery makers, whose headquarters are at 
South Milwaukee, Wisconsin, U.8.A., and who were 
formerly represented in the British Isles by Messrs. G. F. 
West and Co., announce that they have now opened 
their own office at 19, Iddesleigh House, Caxton-street, 
Westminster. 


Urrisation or Waste TIMBER AND Corton STALKS.— 
It has been estimated that in the United States alone 
the quantity of wood waste produced annually in saw- 
mills amounts to 4,000 million cubie feet. Much of the 
wood at present wasted could be utilised for the making 
of paper pulp, turpentine, acetic acid, and other pro- 
ducts, The question has recently received consideration 
in New Zealand, and it has been suggested that i sgme 
instances the waste might be used for paper-making in 
place of imported wand -oulp In order to ascertain the 
suitability of certain New Zealand timbers for this 

an investigation has been conducted at the 
Fm rial Institute. It was found that the timbers ex- 
amined could all be used for the manufacture of oo 
pulp, but whether such an industry would be = table 
in Now Zealand would depend on purely economic factors, 
such as the quantity of waste wood available, its cost 
at the pulp-mill, the price of fuel and chemicals, &o. 
The Imperial Institute has also dealt with the problem 
of the commercial] utilisation in cotton growing countries 
of the vast quantities of cotton stalks which are avail- 
able every year and have to be removed from the field 
after the cotton crop has been gathered. Investigation 
at the Institute yew shown that a form a pro- 
mising material paper-making that might 
ne used for obtaining acetic acid, ter and charcoal 





between reciprocating steam engines and small. steam 


by a process of dry distillation, 
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48-IN. RAILWAY WHEEL LATHE. 
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Fie. 1. 


View oF MACHINE FROM OPERATOR’S SIDE. 
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Fic. 2. View Looxrne Down ON THE MACHINE FROM ABOVE. 


A pEsien of heavy wheel lathe embodying various 
interesting features is being brought out by Messrs. 
Noble and Lund, Limited, of Felling-on-Tyne, in 
collaboration with Messrs. Alfred Herbert, Limited, 
Coventry. The latter firm will act as agents for these 
machines, the first of which has just been completed. 
This tool is illustrated in Figs. 1 to 5, on the present 
and opposite pages, and is a good example of 
progressive design. The machine in question is a 
48-in. lathe for railway wheels. The view in Fig. 1 
gives a good idea of the front appearance of the lathe 
with the 50-h.p. variable-speed motor mounted over 
the, headstock to the left. Fig. 2 is a view looking 
down on the machine from above, while Fig. 3 is a view 
taken near the right-hand tool slide and the tailstock. 

The lathe is arranged with push-button speed 
control, so that variation of s may be instantly 
obtainable during a cut should the quality of the tyres 
require it. The control buttons are arranged normally 
on one of the tool slides, so as to be handy to the 
operator while watching his job, but in our illustrations 
the fitting is shown attached to the headstock. This 
fitting controls the starting and stopping of the machine 
in addition to speed control. Either alternating- 
current or direct current motors may be employed, 
driving direct. A gear-box is arranged to give two 
one eee by means of sliding gears; these, with 

e variable control, allow of a range of from 
0-88 r.p.m? to 8-44 r.p.m. ' The motor reduction gears 
are of cast-iron with raw hide pinions. 





The bed of the machine is a box casting weighing 
12 tons. It is 30 in. deep by 22 ft. in length and 
5 ft. 8 in. wide at the headstock end. The whole 
machine weighs about 35 tons. The driving shaft is of 
nickel-chrome steel, heat treated, and 6} in. diameter. 
It is carried in four bearings, of which one is situated 
between the face plates as shown in Figs. 1 and 2. The 
main spindles are of close-grained cast-iron. They are 
hollow and of unusually large diameter. The front 
bearing is 16 in. in diameter by 24 in. long, and the rear 
10} in. in diameter by 14 in. in length, in each case, 
the thrust being taken at the back bearing by means 
of gun-metal plates, provided with pockets. The 
plates revolve in an oil bath and oil is picked up in 
the pockets and automatically lubricates the faces. 
The main driving gears for the faceplates are of cast 
steel and are double helical, being 7 in. wide. Four 
driving dogs are attached, fitted to each faceplate. 
These dogs have serrated grips set on wedge blocks, so 
that the heavier the cut, the stronger the grip they 
exert on the wheel. : 

The hollow main spindles are fitted internally with 
steel sleeves which can be used as push-out collet 
chucks. These sleeves are tapered internally at the 
end and the journals surrounded by split taper bushes 
are inside them. The internal sleeves are 
adjusted longitudinally in the spindles, and a centreing 
grip exerted on the journals by the large hand wheels 
at the outboard ends of the head and tail stocks, 
through a spindle and sliding screw, the latter working 





in a nut on the inner end of the sleeve. The sliding 
movement of the screw on the spindle is controlled by 
a strong spring, in order to minimise adjustments when 
a run of wheels and axles of the same size is being 
dealt with. 

The tailstock is traversed on the bed by means of 
an independent, 7}-h.p. reversing motor which may 
be plainly seen in our illustrations, especially in Fig. 3. 
This operates through a train of reduction gears and a 
revolving nut on a fixed screw in the bed. The move- 
ment is controlled by a friction clutch, the upright 
handle lever of which is seen in front of the tailstock. 
The motor is mounted in a position in which it is well 
out of the way while remaining thoroughly accessible, 
The. clamping of the tailstock when it runs up to the 
job is effected by wedge projections which are forced 
into sockets. One of the latter is on the right hand 
saddle, the other being placed on the rear slide of the 
bed. The saddles carry compound slides, capable 
of being swivelled through a sufficient arc to take 
any ordinary tread profile. The feed is arranged 
for through a small cross-shaft easily recognisable 
in ‘our illustrations between the saddles. This shaft 
is driven from the main shaft by bevel gears. On 
its front or near end a small disc crank is mounted, 
and this drives ratchets on the two saddles as 
will be easily followed from our engravings. The 
amount of the feed is regulated by an adjustable 
slipper plate which lifts the pawl and prevents it 
picking up more than the desired number of ratchet 
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teeth for each oscillation. The slipper adjustment is by 
a small worm and worm wheel, the control of which is 
effected by the small knurled disc heads to the right 
and left of the two main hand wheels of the saddles. 
The feed may be varied in this way from 0-11 in. to 
0-66 in. per revolution of the work, the feed being 
applied six times during the complete revolution. 
The two saddles can, if necessary, be fed at different 
speeds with this arrangement. The feed is transmitted 
from the ratchet shafts through bevels to the longi- 
tudinal traverse slide. The turning tools and 
form tools are clamped by toggles, that for the form 
or profile finishing tool being illustrated in Figs. 
4 and 5. Each is tightened by a single screw. The 
form tool and holder are rather unusual. The arrange- 
ment of the dovetail section of the tool, and of the 
wedging block enable divided tools to be used and 
quickly set or changed, should they be preferred 
to a single former. 

The lathe will take wheels from 2 ft. 9 in. in diameter 
to 4 ft. diameter, and of any gauge from metre to 
5 ft. 6 in. We are informed that a pair of 36-in. 
wagon wheels can be re-turned on this machine in floor 
to floor time of 18 minutes to 20 minutes, removing 
} in. to } in. on the tread. At the first operation the 
treads and flanges are rough-turned with a coarse feed, 
the finishing being accomplished with the full-width 
form tools. 





NOTE ON MECHANICAL PERMANENT 
WAY REPAIRING PLANT.* 


By Mr. Cartavutt, Honorary Chief Engineer of the Paris, 
Lyons & Mediterranean Railway Company. 


Tue “ Bulletin of the International Railway Associa- 
tion,’’ published in 1920 two extracts from the American 
magazine The Railway Review, relating to mechanical 
apparatus for packing sleepers: A ‘“‘ Jackson’’ electric 
packer which was tested on January 8, 1920, before 
American engineers, and the ‘Imperial’? pneumatic 
packer tried in 1913. We have also noticed in American 
and other publications descriptions of packing machines 
of various other systems. 

In presence of the difficulties found in obtaining labour, 
and the exigencies of this labour, it is natural that 
mechanical processes which tend to reduce it and at the 
same time accelerate the work should be closely examined. 
However, according to the documents which lie before us, 
the suggested contrivances are new, and none of them 
have yet received the sanction accorded by experience, 
the period of their trial abroad not yet being over. The 
problem is, in fact, complicated and difficult to solve ; 
one thing is to arrange for a section of track to try it on, 
another to fix an equipment on a line in operation and 
face all the difficulties and hindrances of every kind 
resulting from the running of the trains. 

Besides, there is already in France not only @ packing 
machine, but also a complete mechanical] repairing 
equipment which has been in operation for the last 
twenty and which has dealt with several thousand 
kilometres of lines in use. The whole of the spparatus 


* Reprinted from the “ Bulletin of the International 
Railway Association.” 





of this equipment was invented, brought out, and im- 
proved by Mr. Albert Collet. 

When Chief engineer of the permanent way of the 
Paris, Lyons and Mediterranean Railway Company, we 
began a trial of the system in 1901,.and followed up its 
development until January 1, 1913—year of our retire- 
ment—during which time a length of 1,430 miles of the 
Paris-Lyons-Mediterranean system was relaid by means 
of the “ Collet’? apparatus. The use of it, which 
diminished greatly during the war, was however pro- 
ceeded with, and by January 1, 1921, the length of 
relaying by mechanical means had risen to 2,000 miles. 
It s ould, of course, be understood that this refers to 
what was done on the Paris-Lyons-Mediterranean system 
only, but we know, without going into details, that it 
was used elsewhere in France and abroad, chiefly in 
Spain and Italy. Whatever else happened however, 
the two statements ‘Start of the system in 1901 ’’— 
“length relayed 2,000 miles,’’ show that we are not 
considering ap tus that is being studied or tried, but 
of apparatus that is in regular use and which has stood 
the test of time and entered into current practice. 

As far back as 1904, a description of the ‘A. Collet ”’ 
system appeared in the Revue générale des chemins de fer ; 
in 1905 the report given by the Paris, Lyons and Mediter- 
ranean Company to its shareholders’ meeting contained 
the following sentence which may be repeated :—‘‘ We 
have given a trial of, and hope to adopt in current prac- 
tice, new methods of taking up and relaying the lines, 
and also mechanical packing of the sleepers which will 
reduce the delay to the running of trains that always 
occurs when the lines are under repair.”’ 

We have no intention of examining or criticising the 
ap tus described in the articles that ap in t 
bulletin and mentioned above, but will only point out 
that the pneumatic method appears unsatisfactory, the 
use of compressed air necessitating a compressor, an air 
reservoir, —— tubing, and heavy and cumbersome 
apparatus which is difficult to fix and remove. 

ides, on a line with a heavy traffic such as that 
from Paris to Marseilles, the intervals of free time 
between the passing of trains are rare and of short 
duration. It is indispensable to be able to get ready 
for work in a few minutes and then clear the line ; it 
is necessary to have tools that are relatively light, easily 
worked and strong, so that the men can fix or remove 
them quickly without accident, and of small enough size 
so as to be clear of the gauge when working in cuttings 
of along sustaining walls. As we shall see further on, 
one of the advantages, though not thei least, of the 
“Collet’’ system is rapidity of putting down and re- 
moval, and ease in fixing the plant ; infact, no difficulties 
have been encounte in organising the arrangement 
even in the narrowest cuttings. 

The mechanical equipment consists of : 

1, The generating plant for the power required and cables 
for the transmission of the power to the tools; thisis placed 
on the outside of line or in the recess of a retaining wall. 

2. The spike drivers which can turn in either direction 
according as it is desired to unscrew the old spikes or 
screw in the new ones ; 

3. The packers with changeable ends adaptable for 
the different kinds of ballast ; 

4. A re-adzer for shaping and drilling, in place or in 
proximity to the plant, sleepers that may be used again ; 

5. Accessory a’ tus such as, 1 EY lorries for 
carrying the material, machine for drilling the sleepers, 
rail driller used in cases where it is necessary to drill 
holes in rails, for instance, when it is required to fix stops 











Testing apparatus for work done; distance gauges ; 
extractometer to e the resist to withdrawal 
of the screwed spikes ; torsiometer giving the resistance 
to turning till the screw gives and turns free, and a 
declimeter to measure the resistance to pulling over the 
spikes and rails, and even an instrument for comparing 
the different methods of packing. 

Finally, when necessary, a repair car smal] enough to 
be fixed on a platform and capable of undertaking all 
— repairs. We will examine successively these 

ifferent apparatus, 

1 





. Power Generating Plant.—This is an electro-generat- 
ing plant capable of producing 34-5 h.p. and weighin, 
6,170 Ib. ; the engine of explosion type worked by petro! 
or benzol is coupled by means of a belt to a dynamo 
supplying continuous current at 240 volts. Two reser- 
voirs containing petrol or benzol and water, enable it 
to work without refilling from five to ten days according 
to the length of its daily utilisation ; cooling is done by 
air, and the whole of the mechanism is enclosed in a 
metallic dust and water-proof casing. 

The method of shifting about and stabling is worth 
describing. The yeep is fitted with : 

1. Four flanged wheels of smal] diameter of standard 
gauge apart, and fixed in pivoted shackles : it runs along 
the rails after the fashion of a small truck. The shackles 
of the wheels can turn 90 deg. round their vertical axes ; 
the wheels are, therefore, parallel or perpendicular to the 
lines. 

2. An axle fitted with carriage wheels of large diameter ; 
this axle is raised or lowered by means of a handle so 
that the apparatus is supported on the small wheels or 
on the large ones according to requirements; in the 
latter case it travels on the road like an ordinary cart. 
The apparatus having been placed on the rails is brought 
to the right of the place it has to occupy during the 
working of the plant; the carriage wheels are Jowered, 
which raises the whole body and the flanged wheels ; the 
shackles of the latter are turned through 90 deg. and two 
short lengths of rail are slid under crosswise to the 
road ; the cart wheels are then raised and the apparatus 
“aoe 4 in on the flanged wheels, is brbught away 
from the line and placed on the outer side of the track, 
hardly five minutes being required for the operation. 
The apparatus is furnished with shafts, allowing it, in 
case it 1s required, to travel by road. 

The cable through which the power is conveyed is made 
up of two high-conductivity copper wires J, in, diameter, 
divided into sections 165 ft. long, each being sup- 
ported on a double ladder weighing 128 Ib. fit with 
telescopic feet in order to be adaptable to the inequalities 
of the ground. There are a stretcher and a drum on which 
the wire is wound when changing place ; ver igh is hung 
by insulating loops and the current passes the support by 
mAs of the cabtes, The dimensions of the ladders 
allow them to be fixed in the normal width between rails. 
By this means is arranged along the whole length of the 
plant, a continuous line of two wires on which run the 
trolleys carrying the current to the different tools. 

For about the last two years a new system has been 
adopted with various ‘“ Collet ’’ outfits which does away 
with the carrying arrangement and the ladders, The 
single electric generating plant has been replaced by three 
smaller and very light combinations which can be placed 
on or taken off the rails without difficulty : each com- 
bination fitted on its own trolley follows on the line, the 
spike fixing, spike withdrawing and packing implements 
to which it supplies the current through a ground cable 
of 16 ft. 5in. to 19 ft. 8 in, long at the most. 

2. The Spiking Tool.—The spiking tool like the packer 
is made up of three parts easily separated one from the 
oo id : The carriage, the electric motor, and the working 
too! 


The carri is fitted with two rs of swivelled 
wheels of stan gauge, and weighs 131b. Thedynamo, 
which, like the lorry, is similar for all the appliances, 





to prevent longitudinal slipping. 





rests on a framework fitted with a pivot which turns 
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in the lorry centre. This is its only connection to the 


carriage, so that the dynamo is easil or dismantled ; 
its weight complete is 231 lb. The working tool is 
joined to the framing of the dynamo by a ie sus- 
pension which gives it great freedom of movement, and 
allows it to grip a spike head even when this is at an angle. 
Its speed of rthbn is 550 r.p.m. A spike is screwed 
home in about a second, the power exerted is consider- 
able, and an autc tic clutchi arrangement stops the 
rotation of the spike when it reaches the bottom, allowing 
the tool to run loose. The application of a hand lever 
changes the direction of rotation, so that the too] may be 
used for screwing and unscrewing. 

The tool weight of the dynamo and its framework is 
364 lb. The same trolley carries two spike drivers, one 
for each jength of rails; the swivelling arrangement of 
the trolley allows them to be placed obliquely in relation 
to the road, and they are worked simultaneously with 
one man to each tool. \ 

3. The Packer.—Fixed and balanced on the trolley 
arrangement, and worked by a dynamo with — 
reducer, the packer is made up of a rammer or strikin 
piece fixed at the end of a rigid bar which may be slaeee 
at the requisite angle for working requirements; it 
operates by a series of blows —— by the action of 
a spring compressed to 440 lb. which gives about 450 
blows per minute. The packers operate in batteries of 
four, two on each side for each length of rail; power- 
ful and uniform ramming is thus obtained much superior 
to that done by hand, the latter rather cramming the 
material than really ramming it, and it is only by sending 
trains at slow speed over the section, and after successive 
raising of the rails, that the work is accomplished. 
Between mechanical king and work by hand there 
is, much the same difference as between rolling a road 
and maintaining it by isolated patching; in the first 
case, the uired road is ready to receive the normal 
traffic ; in the other, it is the passing of the vehicles 
which gradually solidifies the material. 

Tn a trial made on the Northern Company, a train 
travelled at 65 miles per hour over the track almost 
immediately after it had been rammed mechanically. 
It 18, therefore, possible to re-establish the normal run- 
ning speed as soon as the work is accomplished. For 
each kind of ballast, broken stone, sand, gravel, there is 
@ corresponding special kind of ram head which is easy 
to change. 

A packer with dynamo and frame complete weighs 
352 lb., and rests, like the spike arrangement, on a trolley 
to which it is fixed simply by means of a pivot and 
central support. 

4, Adzing Machine.—In a section under repair it is 
an obvious advantage to re-adze on the spot all the 
sleepers which can be used again; by this the bring- 
ing up of new sleepers and the stocking of old ones 
for later use is avoided, with the loss of time and labour 
which these operations entail. 

The electric adzer travels on the rails and is placed 
in the station near the work in hand ; it weighs 2,975 lb., 
and the adzing is done by a rapidly revolving milling 
cutter, thus avoiding saw marks and tearing the wood. 
Its turnover is from 1,000 sleepers to 1,500 sleepers per 








y. 

Mr. A. Collet has also constructed a light re-adzing 
machine which can be used on the sleeper in position, 
working along the sleepers and requiring only 10 seconds 
to adze each one. The machine weighs in all 550 Ib. (each 
motor being removable) and is fitted on the trolley system. 

5, Acces Apparatus,-We will not dwell long on 
the subject of accessory apparatus ; we should, however, 
mention the special lorry which is so useful for transport, 
not only on the seetions under repair, but also for main- 
tenance work. It is made up of two trucks each weigh- 
ing 352 lb., which rise very little above the rails; on 
these two trucks it is possible to place 150 sleepers, 
and on the level two men are sufficient to shunt them 
about with a load of 12 tons; it is hardly necessary to 
say that its bearings are fitted with balls, as are t 
of the other apparatus. 

We have oy a few words to say respecting the other 
accessories, The drilling machine for drilling on the 
spot the holes in the sleepers, is fixed on the trolley and 
worked by an electric motor; it wei 132 1b., or, 
aes, 375lb. The rail driller is of the same weight. 

The extractometer measures the resistance of the 
spikes to withdrawal; it registers up to 10 tons and 
weighs 13-8 lb. 

T torsiometer shows the resistance to twisting, it 
oy up to 550 Ib., and weighs 7 Ib. 

he declimeter indicates the resistance to pulling the 
spikes sideways; it registers up to 8,820 1b., and weighs 
14-3 lb, Another declimeter indicates the resistance 
of _ to over-turning, it registers 55,000 lb., and weighs 
176 Ib, 

The packingmeter is used to the resist to 
compression isolating the prism of rammed ballast 
on which the sleeper rests ; the apparatus exerts a force 
of 5tons and weighs 110lb. | 

Finally, a gauge placed under the rails, thus allowing 
the trains to pass, their distance apart; its 
weight is 77 Ib. for the Vignoles type of track. 

To sum up, the “Collet’’ repair system forms a com- 
plete and homogeneous arrangement adapted to all 
the various circumstances that occur in repairing the 
lines; years of work and thought have been necessary 
to bring it up to its present state of perfection so as to 

be suitable for regular adoption. 

We have given the weight of each apparatus in order 
to show that a few men in a very short time can either 
fix or remove them, As we have already pointed out, 
it is indi ble to be able to work during the shortest 
intervals between the running of trains, even as low as 
15 minutes; without that, on busy lines, the work 
accomplished is insignificant, and the staff is unecono- 
mically employed. 





A repair job has naturally a great influence on the 
running of the trains, involving slowing down while 
running over the part under repair until this is found 
te be quite solid. When several parts in succession 
are being repaired, and this cannot be avoided over 
long stretches of line, there is a resultant loss of time 
to the trains which cannot easily be made up. Delays 
thus arise with their numerous inconveniences, such 
as upsetting tions, delays at the loops when 
running on single lines, shunting of goods trains, etc. 

Mr. Collet’s system does not avoid this slowing down. 
over repair work; it is unavoidable, but it is fimited 
to the shortest possible time over that portion which is 
rammed mechanically. The work is done more quickly 
than by hand, and so produces a very appreciable 
double advan We may add that er actual 
circumstances with the shertage and costliness of labour, 
a work tending to reduce the a ¥ od work- 
men is ming increasingly necessary. this case 
there is no need for specialists to superintend the workin 
of the tools; intelligent workmen are soon able ‘to pi 
up all that it is necessary’to know. 

We have already pointed out the results obtained on 
the Paris-Lyons-Mediterranean Railway Company, which 
was the first to adopt the system. Beginning 20 years 
ago in 1901, with 2-5 miles of line. in 1912, 238 miles 
were accomplished. This figure, however, is only of 
relative importance, b it depends principally on 
the credits allotted and the possibility of supplying the 
material. The latter, in 1915, during the war, was, like 
the men, mobilised for national defence, and during the 
following years progress was slow. Up to January 1, 
1921, about 2,000 miles had been accomplished. 

From what has been written above, it will be seen 
that a mechanical outfit for repairing the roads has been 
in ge for 20 years, and was started when little 
else but hand labour was thought of. We believe that 
the Paris-Lyons-Mediterranean Railway Company was 
the first to apply the system : it had always foreseen the 
importance His mechanical methods for facilitating the 
making and relaying the road, and has always taken a 
great interest in furthering that object. 











ELECTRIC ENERGY FROM WIND POWER. 
Aw interesting method of tackling the problem set 
by the small wind power electric-generating plant has 
been brought forward by Messrs. F. A. Wilkinson and 
Partners, Limited, of Hatfield, Herts. In place of the 
usual fairly large diameter fan, or wind wheel, set at 
the top of a lattice tower, and driving a dynamo through 
some kind of gearing, Messrs. Wilkinson employ a 
number of small dynamos with impellers mounted 
directly on their spindles. The dynamos are carried 
at the top of the tower, which consists simply of a tubular 
pole with a tubular ‘cross-bar on which the machinery is 
mounted. To obtain additional height, the pole may, 
of course, be mounted on the top of a building. An 
advantage claimed for this arrangement is that power 
may be obtained during high wind and gales. With the 
ordinary arrangement it is frequently necessary to 
disconnect the drive in periods of strong wind to prevent 
damage to the mechanism, or to prevent the storage 
battery being subject to too high a rate of charge. 

The Wilkinson dynamos are each rated at 40 watts, 
and are self-regulating for battery charging. The cross- 
arm on which they are mounted is fitted with a swivel 
head and a vane which causes the impellers always to 
face the wind. Battery charging is commenced with 
winds of 15 miles an hour, and output and s increase 
with increase in velocity of the wind. A feature of the 
system is an automatic cut-out, which makes, or breaks, 
the connection between the battery and the dynamos. 
The arrangement operates in connection with one of the 
dynamos, which is designed so that its armature has a 
small amount of end movement. A contact plate is 
fitted to the shaft, while there are a pair of contact fingers 
mounted on a support attached to the frame. When 
the velocity of the wind is high enough, the contact 
plate is forced against the fingers, making the necessary 
connection between the dynamos and battery, and 
conversely breaking the connection when the wind 
velocity falls below a predetermined value. The opera- 
tion is entirely automatic. 





Crry anp Guiips or Lonpon InstiTure.—Mr. H. P. 
Philpot, B.Se., A.M.Inst.C.E., Assistant Professor at 
University College, has been appointed to the Professor- 
ship of Civil and Mechanical Engineering at the Finsbury 
Technical College; and Mr. A. J, Hale, B.Sc., F.I.C., 
Chief Assistant in the department of Applied Chemistry, 
to the Professorship in that department. The entrance 
examination of the College will be held on Tuesday, 
September 20. 





ry penton | @ paper conaaiunted oo pal go 
schrift fiir angewandte je, 1921, pages 231 an ‘ 
Ga. Deabne discusses the iron rust of a deep red colour 
which had formed in a boiler fed with peat water. The 
rust. consisted of iron oxide and calcium sulphide; 
there was no carbonate in the scale. As the feed water 
itself. contained no iron, the rust was due to boiler 
corrosion, which was very uniform, by the peat water! 
The feed water was of low hardness and contained only 
traces of bicarbonate ; it was not free from carbon 
dioxide, and it contained nitric and nitrous acid and 
organic acids {humin). Bruhns considers the carbonic 
acid and secondarily the nitric acid responsible for the 
attack of the iron, and the vapours of nitrous acid, 
driven off with the steam, responsible for the corrosion 
-of the pi peat water should be treated with 





pes. Such 
milk of lime, so as to be rendered slightly alkaline. 


| duction cost. The nature of the e 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Steel Experiments.—Sheffield manufacturers are watch- 
ing very closely the progress of experiments in France, 
into a direct process of steelmaking, eliminating the 
use of pig-iron in solid form. Machinery is being made 
locally for shipment to France, where a large initia] 
output is aimed at with a considerable saving in pro- 
iments is not 


| new so far as local investigations are concerned. Research 


‘work has extended over a considerable number of years 
to arrive at a direct method of steelmaking from ore. 
That work is being continued to-day. The authorities 
msible, which include some of the bi t steel- 
ing interests in Yorkshire, maintain the greatest 
reticence, but enquiries show that reliable results ar 
not anticipated in the immediate future. 


The Steel Trade with America.—Four of Sheffield’s best - 
known business men have gone to America to make 
direct tations on the subject of the proposed 
tariff ‘revisions in that country as affecting alloy steels. 
America in the past has been one of Sheffield’s best 
markets for special steels, but opportunity to do further 
trade on a substantial scale would be completely ruled 
out if the duties contemplated were imposed in full. 
Moreover, they aim a particularly severe blow at the 
crucible industry, which already is having a big struggle 
to get on its feet after acute depression. 


Iron and Steel.—The full measure of reeent price 
reductions is not readily gras until comparisons are 
made with the official » ren mad which o Eented some 
eight or nine months ago. Compared with the figures 
at which business was done in December, 1920, steel 
prices have declined an average of no less than 40 per 
cent. Siemens acid steel, for instance, quoted in Decem- 
ber, 1920, at 26/., is now available, taking into considera- 
tion last week’s cut of 2/., at 161. per ton. Prices have 
similarly declined throughout the market for raw and 
semi-finished materials. The following quotations of 
prices in operation in December, 1920, and to-day, 
respectively, offer a striking comparison :—Bessemer acid 
billets, 257. 10s.—15/. 10s. ; hard basic billets, 227.—132. ; 
soft basic billets, 20/—12/. Another move in the direc- 
tion of stimulating production generally is the decline 
of 15s. per ton in blast-furnace coke, and 18s. in crucible 
melting coke. This brings blast-furnace coke to within 
comparable reach of the figures at which district pig-iron 
makers can produce economically in competition with 
foreign producers. Preparations are already being made 
for the relighting of a number of furnaces which have 
been idle for the past four months. Though the outlook 
is more hopeful, steelmakers do not anticipate any sub- 
stantial revival before 1922. Mills, forges and press- 
shops are engaged on the average at not more than one- 
third of their normal capacity. Engineering concerns 
producing for the shipbuilding industry are undergoing 
@ very trying period. A* few outstanding orders are 
being worked off. The amount of business coming to 
hand is not sufficient to give any assurance of improved 
conditions when delayed contracts have been completed. 
There is eager competition for new business in the tool 
section. Substantial contracts are in hand for machine 
tools for export, but makers of hand tools have not yet 
been able to reduce quotations sufficiently to attract 
the big orders which foreign buyers are waiting to place. 
The current demand for builders’ ironwork is sufficient 
to keep local foundries. normally employed, but pros- 
poste are clouded owing to the uncertain outlook in the 

uilding trade, If financial arrangements can be satis- 
factorily concluded, Sheffield expects to open up a big 
business with Roumania in railway equipment. 


South Yorkshire Coal Trade.—Confusion as to prices 
is holding back business, There is still a strong demand 
by railway users for hard steams. Cobbles and nuts 
are only moderately firm ; special quotations are avail- 
able to buyers offering substantial business. 'The demand 
for manufacturing fuel is nothing liké equal to the out- 

ut. The accumulation of stocks at pits is holding up 

usiness. The demand for housecoal is not up to 
expectations. Merchants allege that the refusal of 4 
large section of the public to place orders for housecoal 
will have the opposite effect to that anticipated. Prices, 
they state, may temporarily languish, but if there is a 
ouk to place winter requirements, quotations will 
inevitably rise. Depression in the coke trade has been 
slightly relieved by the price cuts already announced. 
Quotations :—Best branch handpicked, 40s. to 41s. ; 
Barnsley best Silkstone, 40s. to 4ls.; Derbyshire best 
brights, 388. to 39s. ; Derbyshire housecoal, 378. to 388. ; 
Derbyshire best large nuts, 34s, to 35s. ; Derbyshire 
small nuts, 33s. to 34s.; Yorkshire hards, 35s. to 36s. ; 
Derbyshire hards, 34s. 6d. to 35s.; rough slacks, 20s. 
to 22s. ; smalls, 158. to 16s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLEsBRovuGH, Wednesday. 

The Cleveland Iron Trade.—Quietness still charac- 
terises business in Cleveland pig-iron, and the usual! 
holidays for race week have checked trade until there 
is practically nothing doing. A rather better feeling. 
however, as regards the near future, is noticeable, and 
hope is expressed that output will i e@ to some 
extent now that costs of production are falling. No. 3 
G.M.B. continues exceedingly scarce, and can hardly 
be bought unless equal purchases are made of No. 4 
foundry, which is a good deal less scarce. With such 
viso, makers will accept 132s. 6d, for mixed lots. 
Ncsnetety the quotations are 135s. for No. 3, and 130s. 








for foundry No. 4. Stocks of the lower qualities are 


. 
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still large, and producers would be glad to reduce them 
by sales at 117s. 6d. for No. 4 forge, and mottled, and 
115s. for white iron. 


Hematite:—Hematite is«none too tiful, -but re- 
commencement of the manufacture of this commodity 
by the re-lighting of two furnaces at the rgoay | Tron- 
works has improved the situation. Values are stiffening, 
though purchases of mixed mumbers can still be e 
at 160s. for home consumption. Until recently, parcels 
for shipment abroad were offered freely at 140s., but 
many makers have advanced their export quotation to 
the home figure. 


Blastfurnaces in O ion.—Of the 72 blastfurnaces 
built in this district, as yet only 11 have been re-started. 
Seven of these are producing entirely for use at works, 
bones to the owners of the furnaces, two are making 
Cleveland foundry pig-iron, portion of which is available 
for sale in the open market, and two are turning out 
hematite. 


Manufactured Iron and Steel.—Little news is ascertain- 
able concerning finished iron and steel. The North 
Eastern Steelworks, which until recently were closed for 
a long period, are working through the holiday week, 
but most other firms have closed their establishments 
for the usual race holiday. Further reductions in quota- 
tions are antici , m iron are 161. ; 
marked bars, 20/.; steel boiler plates, 21/.; steel ship 
bridge and tank plates, 15/.; steel es and joists, 
141. 10s. ; heavy steel rails, 152; black ts, 172. 108. ; 
and corrugated galvanised sheets, 211. 10s. 


Foreign Ore.—Some little talk of business in ore has 
been heard, but transactions of any consequence are not 
likely to occur, until the huge stocks have been much 
reduced, and arrears of delivery against old contracts 
have been made. 


Coke.—The situation as regards Durham coke is still 
unsatisfactory, but is improving. Blast furnace kind 
could be bought at below 40s., but local consumers con- 
sider the price should be in the neighbourhood of 30z., 
which is the figure at which Yorkshire furnace coke is 
offered. Further substantial drop in Durham kind is 
confidently expected. 








NOTES FROM THE NORTH. 

Giaseow, W y: 
Scottish Steel Trade.—The depressed state of the 
Scottish Steel trade shows no signs of easing off, and order 
books are not filling up at all. The business passing 
at present is mainly of the necessary type as buyers are 
holding off and are loth to place fresh orders under the 
conditions now prevailing. The inquiry generally is a 
little better, but it is not bringing forth much result, 
and indeed it is freely accepted that prices will require 
to be reduced considerably before trade begins to open 
out. The demand for light material is not very encourag- 
ing, but inquiries from abroad for sheets have raised hopes 
that some fresh business may ‘be booked in the near 
future. Belgian sheets are being sold very cheap here, 

and agents have picked up quite a lot of business. 


Malleable Iron Trade.—No change can be reported in 
connection with the malleable iron trade of the west 
of Scotland, and business is very quiet still. Order books 
are not heavy, andiat times there is little enough doing 
to keep the workers employed, but this cannotbe wondered 
at when continental tess are quoted round about half 
the price of the home bars. mag have not yet seen 
their position clear to reduce prices, but to-day’s high 
level cannot be maintained if works are to kept 
moving, 

Scottish Pig Iron Trade.—The production of Scottish 
pig iron hae not yet commenced and stocks are gradually 
getting smaller, Inthe case of foundry iron the position 
will not —< until some of the furnaces are relighted, 
which ma very soonjnow, but forge iron is also getting 
scarcer, fuel would only be reduced to what could be 
termed a respectable level then most producers would 
start right away, and with much lower prices, the conti- 
nental iron would soon be very poorly supported in this 
country. In the meantime, however, there is quite 
a big demand for the latter on account of the cheap figure 
at which it is offered. 


Clyde Shi ing. — The outlook for shipbuilding on 
the Clyde is not very p ising at the p t time, an 

managements are having rather an anxious time. Messrs. 
Yarrow and Co, (Limited), who transferred their field of 
operations from Poplar on-the Thames to Scotstoun on 





the Clyde, in 1906, intimate that they intend closing | Proposed 


down their yards in about three months’ time. This 
move is only temporary of course, and is until conditions 
become more settled all round. The following is a 
copy of the notice now up- at the works :— 

Owing to repeated strikes, reduction of output, and 
demarcation disputes which have taken place in various 
industries throughout the country, the cost of ship- 
building has become excessive; in addition to which 
't is impossible to promise date of delivery. 

“With the greatest regret we have therefore decided 
to temporarily close our with the exception of 
our experimental and research t, on or about 
November 30. 

“We shall reopen when conditions enable business’ to 
be carried on with some chance of success. 
cus give this ty notice of our decision so that our 

yees ma ve i ini 
oan fc rat every opportunity of obtaining 
(Signed) “‘ Yarrow and Co., Limited.” 

Ina letter to the the firm state that they have 

great faith in the future of the shipbuilding and engineer- 





ing industries in this country, and they believe that 
prosperity will return when everyone realises that 
commercial undertakings can only be carried out with 
success in accordance with economic laws. As soon as 
these laws are recognised it will enable them to reopen 
their works, and, as in the jpast, take some share in 
future progress. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The coal trade is still in an un- 
satisfactory position. On the one hand, buyers continue 
to hold off, losing that prices are not = bottom, 
while colliery owners declare that rather t sell at less 
than current values, which they state closely approxi- 
mate the estimated cost of production, they will effect 
stoppages at the pits as they cannot be expected to sell at 
aloss, The demand generally is very small, and colliery 
salesmen are experiencing difficulty in disposing of out- 
puts with the result that the railways are congested 
with hundreds of loaded wagons awaiting shipment 
and sale, while collieries are imperilled in respect to 
regular working by shortages of empties. While some 
colliery salesmen are in a comparatively comfortable 
position and refuse to take less than 37s. 6d. for best 
Admiralty large, 35s. for second Admiralty and best 
Monmouthshire large, 20s. for best steam smalls, 17s, 
for ordinary smalls, 16s. for cargo smalls and 25s, for 
throughs, others are prepared to make concessions up to 
28, 6d. for definite and quick business. Some interesting 
contract business has nm reported during the week, 
and though the amounts involved are ero 
small, they are significant in view of the hold-off attitude 
hitherto adopted by buyers. The French State Railways 
have contracted for 20,000 tons of best Monmouthshire 
large coal, delivery between now and the middle of 
October, at 90 francs c.i.f., which at the current rate of 
exchange is equivalent to about 388, 6d., which represents 
an f.o.b. price of roughly 30s. after allowing for a freight 
of 8s. 6d. to the neaf French ports. Another French 
railway has placed an order with exporters for 20,000 tons 
of good steam smalls at 25s. c.i.f., delivery over the next 
two months, while a foreign ps se tay J firm placed 
a contract for a substantial quantity of Admiralty and 
Monmouthshire large at 31s. f.o.b. delivery up till the 
end of June next. Despite the apparent inactivity of 
the coal market, foreign shipments of coal as cargo at 
306,000 tons established a record for the current year, 
and were 45,000 tons in excess of the previous highest 
weekly export, but 55,000 tons less than the record 
quantity sent abroad in 1920. Shipments last week 
were mainly to France, which country took 115,000 tons, 
Italy 55,000 tons, South America 27,000 tons, Spain 
21,000 tons, Portugal 21,000 tons, British coaling depots 
35,000 tons and other countries 33,000 tons. Patent fuel 
exports at 29,000 tons last week have only been exceeded 
on one previous occasion this year. How great has been 
the drop in the price of coal this year will be realised when 
it is-mentioned that the average f.o.b. price of coal 
exported at Cardiff in July was 21s, 1d. in the case of 
small, compared with 49s. 4d. in January, for through 
35s. 5d. compared with 52s. 11d. and for large 45s, 9d., 
compared with 74s, 1ld. The reduction in 


NOTICE OF MEETING. 





Tue Mipvtanp Institute or Mininc, CIVIL AND 
MercuanrcaL Enorneers.—Thursday, August 25, at 
2.15 p.m., Annual General Meeting in the Mappin Hall, 
Sheffield University, St. George’s-square, Sheffield. A 

per will be read on “ Friction Co-efficient of Minerals,” 
by Mr. Stanley Nettleton. The following papers will be 
open for discussion: (a) “Firedamp Explosions,” 
Professor R. V. Wheeler ; (6) ‘“‘ Abstract on No. 1 Memo- 
randum of the Miners’ Lamp Committee,”’ Professor F. E. 
Armstrong ; (c) “‘ Metering of Compressed Air,”’ Mr. John 
L. Hodgson ; (d) “‘ Electric Haulage and Elimination of 
Pit Ponies,’’ Mr. 8. Diggle. The discussion will be 
followed by the reading of a paper on ‘‘ Low Temperature 
Carbonisation,’’ by Mr. A. Yeadon. 





A Dense Varrety oF AmorPHovus Carson.—By 
reducing carbon from compounds which do not contain 
hydrogen, G. Tammann claims to have obtained varieties 
of amorphous carbon which are described as both denser 
and more active than ordinary charcoal or than 
graphite. The particulars of this work are given in the 
Zeitschrift fir Anorganische Chemie 115, pages 141 to 144 
and pages 145 to 158. 





Buast Furnace Siac anp Fire-Bricxs.—Last sprin 
the Technical High School at Charlottenburg qnsunand 
for a course of college vacation lectures with laboratory 
rape we on the constitution, testing and applications of 

last-furnace slag and fire-bricks; the latter course 
dealt also with the raw materials and with fire-brick 
manufacture. The course is to be repeated this October, 
and will occupy a full week, The lecturer is Dr. K. 
Endell and the lectures are for chemists and metallurgists 
in practice. 





Coxrne or Saar Coat.—According to a communica- 
tion presented by Baille Bafelle to the Paris Académie 
(Comptes Rendus, vol, 172, pages 1580 to 1582), the 
temperature of the coke ovens for the coal from the Saar 
basin, now in French occupation, should not at once be 
allowed to rise high, since the outer layers of coal 
get much hotter than those in the centre of the charge. 


He keeps the tem ture below 320 deg. C. until 
heating is fairly uniform throughout; then raising the 
tem 


rature to 750 deg. and maintaining it at that figure 
until coking is — eted. In a trial of a coke oven 
of a capacity of 500 kg. the total heating took 50 hours, 
The coke produced was judged to be comparable 
with the best coke from the basin, while. 22 kg. of 
ammonium sulphate were obtained per ton of coal. 
The ash content of this coal is 7 per cent. 





Iron tnsTeEAD oF Woop Props ror Mines.—Since 
1916 experiments have been made in some collieries of 
the Ruhr basin in replacing the wooden props by two- 
we posts of channeliron. In Glick Auf of June 8 last 

. Fink, superintendent of the Colliery Prosper ITII., 
writes that his experience with nearly 10,000 iron posts 
is decidedly favourable. The iron props are used par- 





t to 
small amounts to 28s. 3d. per ton, for through “18, 6d 
and for large 29s, 2d. 





University oF Bristor;—The us of the 
Faculty of Engineering of ‘the Uni ty of Bristol, 
for the Session 1921-22, has now been issued. The day 
classes begin on October 4, 1921. The course of studies 
include mathematics; applied chemistry; civil; me- 
chanical, mining, electrical and automobile engineering, 
among other branches. 





A Merson or CALCULATING THE STRENGTH oF SLABS: 
Errata.—In formula (19) of the above article on page 


245 of our last issue, for ae » Tead — . The heading 
of Table I should read: ‘Stresses in rectangular slabs 


supported at all four edges,” mot“ fixed at all four edges,” 
as printed. 





IMPREGNATION OF MINE TIMBER.—Latein 1915 aseries 


d | of tests were made in Germany on the value of various 


methods of impregnating mine timber. It was intended 
that the timber should bo set up under various condi- 
tions, and examined at intervals of one year. It was also 
to analyse the air at the respective spots and 
take its temperature and moisture, Owing to the war the 
programme could only partly be carried out. Examina- 
tions were actually made in 1916, 1918 and 1921, and the 
results of the tests so far conducted are explained by O. 
Dobbelshein in Glick Auf of June 25 last. The impreg- 
nating materialstested were : basilit applied in concentra- 
tions of 1-68 per cent. or 0-77 cent. ; two 
compounds (organic or silicates) the metal salts Gliick Auf, 
applied in concentration of 6 percent. and 3 per cent. ; and 
taroil. Theimpregnation with thesematerials waseffected 
by the vacuum process. Of immersion processes 
only that with mercury sublimate (the cyanising process) 
ved satisfactory, but the sublimate is very poisonous. 
me other processes were rejected as too expensive, 
the only ones recommended are the basilit (which 
prevented all decay even with the diluted solution), the 
tar oil and the strong solution of metal salts. In some 
cases impregnation undoubtedly rendered good service. 
Whether or not it can be recommended on the whole is 
still considered an open question, and it is doubtful also 
whether impregnation should be effected on the spot or 
whether the timber should be bought impregnated. 


and | straight 





ticularly in shales which are apt to cavein. Much of the 
timber was spoiled and lost in these mines, and when 
timber became scarce and wages and transport more 
costly, iron was given a fair trial. The posts were 
originally made of an upper T iron sliding in a channel 
iron. Later on both the upper and the ees rtions 
were made of channel iron, the two channels fitting into 
one another so as to form a rectangle. The upper iron 
is cut off obliquely at its lower end, and a wooden wedge 
is driven in between the two irons; by means of short 
section of a rack fixed to the back of the wedge, an iron 
strap and a bolt, the two parts are held together while 
still able to yield to a considerable extent to the pressure 
of the roof. By loosening the bolt the post can easily” 
be adjusted and be removed when no longer wanted 
in its original position. Fink shows that he has saved 
quite a su’ tial sum by making use of the iron props, 
which have not to be transported over considerable 
distances. 





Occtusion or Water By Gas-Mask CHARcoaL.— 
Having observed that moist charcoal, stored in an open 
tube, gave off unusual quantities of steam when heated 
to several degrees above the boiling point of water, 
Ben E. Brown, of the University of Kansas (Physical 
Review, June last, pages 700 to 707) determined the 
effect of temperature on the amount of water occluded 
by gas-mask charcoal, which he obtained from the United 
States Bureau of Mines. The charcoa), 8-5 grammes by 
weight, was flooded in distilled water and then dried at 
101 deg. C. to 104 deg. C., until no more moisture came 
off. The temperature was raised a few degrees at the 
time until equilibrium was re-established, and the amount 
of water expelled was determined. Connection of the 
bulb with the atmosphere, with the barometer at nominal 

, 74 em. of mercury, was maintained through a 
bong capillary tube, 0-75 mm. bore. Finally, the char- 
was baked at 220 deg. for more than half an hour, 
when most of the water would be expelled, though 
probably not all of it. In further experiments the 
oo. was raised to 100 cm. or 150 cm. of mercury. 
gular -temperature curves were obtained, not 
ut slightly curved upward. The actual pres- 
sure to which the water is submitted in the pores is 
probably very much greater than the equilibrium vapour 
pressure just outside the ; this latter pressure 
co! , fairly to the variation of the vapour 
pressure for solutions, within the temperature range in- 
vestigated, 95 deg. to 130 deg. About one-third of the 
total water in the charcoal came off between 112 deg. C. 
and 114 deg. C. 
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THE WORKS OF MESSRS. EDGAR ALLEN AND CO, 


LTD., SHEFFIELD. 
DETAILS OF RAILWAY AND TRAMWAY TRACK SHOP. 


(For Description, see Page 272.) 


, > , 
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THE NEW RAILWAY. ERA. 


Tue influence of the Ministry of Transport is 
‘likely to have more lasting effect on the railways of 
this country than for instance on the Severn 
Barrage, in which case, saving the waste involved 
in employing highly paid minds to consider an 
impracticable project, the interest aroused was so 
fleeting as to remind one of the Biblical reference 
to man’s precarious hold on life—“‘a wind that 
passeth away.” In that matter the Ministry went 
off, so to speak, on a side issue, on the excuse that 
better communication was required between this 
country and South Wales. It has, however, on 
the other hand paid a good deal of attention to 
the objects for which it was brought into being, 
the chief of which was the formulation of the 
Government policy as regards the future of our 
roads and railways. 

Most people will admit that both these are very 
difficult problems to deal with, and there is no 
doubt that with regard to roads a great advance 
has been made in their classification, the taxation 
of vehicles and so on, though some irritation has 
been caused. In railway matters, probably one of 
the most useful pieces of early work of the Ministry 
was the attention it directed to the glaring delays 
on the part of traders in releasing wagons, and the 
reduction of such detention by increasing the 
demurrage rates. The Ministry, so far as one can 
gather, was not responsible for the effort to ease 
the shortage of rolling stock by the construction of 
locomotives and wagons at Woolwich Arsenal. This 
seems to have been a scheme evolved by the Prime 
Minister and the Ministry of Munitions. In passing, 
it is interesting to note that it is now asserted, 
without, as far as we can find, official contradiction, 
that locomotives built there have cost 15,0001. each, 
and that so far two have been sold for 10,0001. We 
were told that there would be a ready sale for these 
engines, either at home or in the colonies, but some- 
how the market has vanished, and the wagons are 
said to find no purchasers at all ! 

It is characteristic of our present methods of 
government that after much talk about wanting 
sufficient time to think the railway problem out, the 
Minister of Transport should have produced a sketch 
plan which he subsequently found required con- 
siderable alteration, and that in the end the revised 
scheme was introduced so late that only the most 
drastic treatment and hurried debates, involving 
the most unusual step of consideration by two con- 
current committees, should have enabled the 
Government to rush the Bill through the House of 
Commons in the last hours previous to the so- 
called date of de-control. In speaking at the close 
of the debate, Sir Eric Geddes acknowledged that 
the measure had been considerably improved in its 
through the House. A good many people 
will doubtless be thinking that it is quite possible 
that it would have been still further bettered by 
treatment and consideration more in proportion to 
the far reaching effects which this novel piece of 
legislation cannot fail to have. 

The measure, as we have previously pointed out, 
is @ very composite one, and covers the grouping 
of the systems, the compensation of the railways for 
matters arising out of the War, the control of 
facilities, rates, &c., and the conditions of service 
of the staff. In view of this heterogeneous collection 
it was somewhat disappointing that the Speaker 
was forced to rule that the proposal to introduce a 
clause empowering the railways to adopt road 


297| transport was inadmissible under the title of the 
300 | Bill, and would have to form the subject of separate 


legislation. This proposal, when made, created 
quite a flutter of excitement. Our views on the 
subject have been often expressed, but we think 





the road transport people are rather unnecessarily 


nervous on the subject. The point they make is 
that if such powers were granted the railways 
would run the present road services to death by 
themselves working temporarily at a loss, and would 
then put up their rates, to the great injury of trade. 
In this connection it is interesting to note that the 
new Clause 39 of the Bill deals with “ exceptional 
rates which are competitive . . . in such a manner 
as to be detrimental to the public interests,” and 
empowers the Minister to instruct the rates tribunal 
to consider, and if necessary, vary or cancel such 
rates. This would seem to cover just what the 
road transport companies are after, but unfortunate- 
ly for them the Clause has been limited to coastwise 
and canal traffic. 

The matter may, however, it seems to us, be 
approached from another direction. One of the 
corner stones on which the whole Bill is raised 
is the new tribunal which is intended so to regulate 
rates as to ensure to the railways, with efficient 
management, a standard revenue. In more than 
one place it is stated, as far as we can see without 
limit of application, that if the Minister is of opinion 
that exceptional rates are being granted of a 
character “to jeopardise the realisation of the 
standard revenue,” the matter may be referred 
by him to the tribunal who may revise or cancel 
them. The chief argument of the road transport 
people is, as stated above, that the railways may run 
services at a loss till they have been driven off 
the roads. The clauses we refer to should aid to 
remove any such apprehension. If, on the other 
hand, the railways can, without jeopardising the 
standard revenue, still run road services more 
cheaply than the existing road companies can 
or care to do, the latter have no reasonable com- 
plaint, as they themselves have often taken up 
the attitude that the public should have the benefit 
of the cheapest possible service. 

The Bill in its passage through the House of 
Commons underwent too many changes for all 
to be referred to in a short discussion on general 
lines. It may be noted that the grouping as at first 
proposed has undergone considerable modification, 
the Scotch railways being split up among the 
English east and west coast groups, instead of 
being kept in a group by themselves. Reference 
to a map shows how extraordinarily complicated 
this grouping is, with interlacing lines reaching 
far into the territory of other groups. Undoubtedly 
a vast number of points will arise which will require 
the most careful consideration of the Amalgamation 
Tribunal to which the Minister has astutely left 
the unravelling of many knotty questions. The 
compensation clauses have also been recast, as 
have those on exceptional rates. In connection 
with the rates tribunal the composition of the 
assisting panels has been revised and elaborated. 
Originally the Bill provided for two panels, one 
of twelve railway experts and one of twelve traders, 
nominated respectively by the Minister after 
consultation with the Railway Companies’ Asso- 
ciation, and the President of the Board of Trade. 
The panels are still two in number, but one consists 
of thirty-six and the other of twelve persons. The 
panel of thirty-six is to be made up of twenty-two 
representatives of trading interests nominated by 
the President of the Board of Trade, twelve 
nominated by the Minister of Labour as represen- 
tative of the interests of labour and of passengers, 
and two by the Minister of Agriculture and 
Fisheries in the interests of agriculture and horticul- 
ture. The other panel is to consist of eleven 
railway representatives and one representative of 
light railways. 

In the same way the original provisions regarding 
the central and national wages boards have become 
much more specific. Instead of merely stating 
that these boards should be reconstituted so as 
to include representatives of the Railway Clerks’ 
Association, as well as the National Union of 
Railwaymen and the Society of Locomotive 
Engineers and Firemen, the new clause deals 
with each board separately. The central board is 
to be composed of eight railway representatives 
and eight representatives of employees, of the 
latter four to be appointed by the National Union, 
two by the Locomotive Engineers and Firemen 





and two by the Clerks’ Association. ‘The National 
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Wages Board will be composed of six railway 
representatives, six representatives of railway 
employees, each of the three trade unions men- 
tioned previously being represented by two, and 
four representatives of users, with an independent 
chairman. The users’ representatives are to be 
rather curiously selected. Two will be representa- 
tives of traders, being selected by the Association 
of British Chambers of Commerce, and the Federa- 
tion of British Industries, as is natural enough. 
The other two are to be selected respectively by 
the Parliamentary Committee of the Trades Union 
Congress, and by the Co-operative Union. Both 
these are, of course, party representatives of a 
definite section of the population. In any broader 
sense the general public is not represented. 

The Bill is admittedly an experiment, and while 
it is a great deal better than the disastrous uncer- 
tainty of the last two years a lengthy period of 
transition must elapse before it will be possible 
to see whether it will turn out well or not. We 
would have liked to see so important a measure 
receive much greater attention and more mature 
consideration on the part of the Legislature, and 
cannot but think that an Act resulting from nego- 
tiations in some cases carried on so late that 
fundamental changes were introduced at the very 
last moment, will develop before long defects 
which may greatly add to the complications of 
the intended reorganisation and regulation. 





THE BREAKING POINT. 

Ir is now fairly evident that we cannot indefinitely 
live on the enthusiasm surrounding the ‘“ New 
Age”’ which was ushered in by the Armistice. 
It begins to be clear that, like Adam, we must 
sweat for our bread. We do not know that labour 
suffered more from the impossible hopes and 
beliefs of two years ago than any other class, but 
it is perhaps slower in learning the lesson of the 
last six months. One might imagine that it would 
now be clear to everybody that economic salvation 
can only lie in genuine hard work and in an attempt 
to introduce a nearer correspondence between 
prices and values, between wages and work done ; 
but labour appears yet far from a proper realisation 
of affairs. There has been plenty of preaching on 
this subject of late, and although it has had a 
little effect it is clear that preaching only is not 
going to lead us out of the wood. 

It is a fortunate dispensation of nature that 
illusion and folly cannot last for ever. If argument 
will not convince the follower of a mirage, fact 
ultimately will. If impossible conditions are intro- 
duced, industry cannot be carried on. Its com- 
plexity and inertia will prevent an immediate stop, 
but a stop sooner or later there will be. Several of 
our industries, and notably shipbuilding, are not 
far from this state now, and unless the conditions 
are modified a stop is more than possible, In one 
important instance the stop is definitely coming. 
This stop has been forced by circumstances, and 
has nothing to do with any attempt by capital 
to weaken labour. The fact that Messrs. Yarrow 
are to close down, while other firms have so far 
announced no such invention, is in one sense a 
matter on which the firm is to be congratulated. 
They have realised that conditions are impossible 
and have boldly faced the facts without further 
dependence on conference and consultation, of 
which there has already been more than enough. 

It is probably fair to say that shipbuilding has 
never been in a worse position than now. 
state of the world’s trade would be a bad enough 
condition with which to deal if it stood alone, but 
when there is added to it such a state of affairs as 
that created by the ship jomers’ strike, the con- 
tinual minor disputes and the fall in .individual 
output one can well understand a decision that 
a complete stoppage is the best course. It is very 
possible that Messrs. Yarrow could have carried 
on a while longer by paying away their reserves 
and capital in wages, but proceedings of that kind 
only tend further to weaken the economic position 
of the country and would ultimately be worse 
for labour than a present shut-down. The closing of 
Messrs. Yarrow’s yard is one of the facts which will 





ultimately convince the labour organisations of! 


this country that we cannot go on, as we have 
been going on. 

We have more than once dealt with the effect 
of the joiners’ strike on the shipbuilding industry, 
and need not now refer further to the paralysis it 
has caused and the flow of ship repair and com- 
pletion work to foreign ports. ‘The condition of 
affairs is too well known to require restatement. 
It is worth noting, however, that this calamitous 
strike was assisted and prolonged at the expense 
of the direct revenue of the country. The un- 
economic wages paid in State and rate-assisted 
housing schemes helped labour in its indefen- 
sible prolongation of the ship joiners’ strike. The 
matter may have been difficult or impossible to deal 
with but it was an illustration of the ramifications 
of interferences with economic laws. 

There is an impression abroad that the general 
trade of the country shows some slight signs of 
recovery. If this be so, part of the credit may be 
given to such assistance towards reduced production 
costs as industry has received from the fall in 
wage rates consequent mainly on the fall in the 
cost of living. Such savings are all to the good, 
and introduce a little nearer correspondence between 
money paid and work done, but they touch only 
the fringe of the problem. It will have been noted 
that Messrs. Yarrow say nothing about wages in 
the announcement indicating the close of their 
yard. It is uncertainty, continual strikes, and 
slack work which have forced their shut-down, 
and continuance of these same conditions must 
lead to further examples of the same thing. 

The normal shipyard is not run either as an 
amusement or as a philanthropic experiment. It 
is run by its owners as a means of livelihood, and 
if instead of bringing in an income it absorbs one 
it will not and cannot be indefinitely carried on. 
It goes without saying, however, that such valuable 
properties as. the shipyards of the Clyde or else- 
where will not be abandoned without an effort. 
Messrs, Yarrow make no announcement about 
their intentions for the future. Probably. they 
could hardly say what their future steps are likely 
to be. The general possibility is, however, clear 
enough. A very large proportion of the present 
trouble is owing to the action of the skilled unions, 
Unless they are prepared fully to recognise the facts 
of the situation there must and will be an attempt to 
eliminate these organizations. The great engineering 
manufacturers of this country have recognised the 
engineering unions and worked with them frankly, 
but if the unions are now going to refuse any 
effective working with the manufacturers there can 
be but one way of dealing with the matter. Self- 
preservation dictates it. Apparently the action of 
Messrs. Yarrow has brought some realisation to at 
least one of the unions with the resultant collapse 
of the joiners’ strike. We trust its effect may carry 
even further. If it does not there only remains a 
move towards the open shop. 





THE BIRKENHEAD 
SUPPLY. 
Tae Corporation of Birkenhead inaugurated, 
on Monday, August 15, the new water supply 
for which it obtained powers in 1907. Many 
years ago it was recognised that a more reliable 
source of water. supply must be obtained than 
the wells which had so far served the town’s 
requirements, and negotiations were entered into 


NEW WATER 


The | with the Corporation of Liverpool to enable Birken- 


head to participate in the supply drawn from 
Lake Vyrnwy. The Liverpool County Council, 
however, eventually rejected the proposal on the 
grounds that the increasing population of that city 
would require the whole of the water obtained 
from that source. Birkenhead had therefore to 
select a distant catchment area for itself and to 
devise a scheme for bringing the water to the 
borough by means.of a pipe line, The late Dr. G. F. 
Deacon recommended the purchase of a portion of 
the Alwen watershed in mid-Denbighshire, and the 
original proposal included the construction of three 
reservoirs at Alwen, Brenig and Glen Alwen in 
North Wales. That last mentioned, which was 





intended for the supply of compensation water to 
riparian owners, did not receive Patliamentary 
sanction, and, as so far carried out, the scheme 
ineludes only the construction of the Alwen reser- 
voir ; the Brenig reservoir will be constructed later. 
The Rivers Alwen and Brenig supplying the reser- 
voirs are tributaries of the Dee, combining to form 
a single stream which joins the Dee about three 
miles from the village of Corwen. 

The Alwen has a drainage area of 6,313 acres 
with an average rainfall of 52 in., showing an average 
yield for the three driest years of 10,800,000 gallons 
per diem. The powers obtained permitted the 
use for supply purposes of 7,200,000 gallons, with 
compensation water placed at 3,600,000 gallons. 
It may be stated that the Brenig has a drainage area 
of slightly under 5,000 acres and a rainfall of 49 in. 
The supply allowable in this case will be 5,200,000 
gallons, with 2,600,000 gallons supplied to the river 
as compensation water. The Alwen reservoir .is 
about 10 miles from Corwen, the nearest village 
to the site being Cerrig-y-druidion. 

The complete portion of the scheme now in- 
augurated involves several interesting features, 
including the Alwen Dam, an aqueduct under the 
Dee, and a service reservoir at Cross Hill, near 
Barnston, about 34 miles from Birkenhead. The 
total length of the aqueduct from the Alwen Dam 
to the service reservoir at Birkenhead is about 
42 miles. The consulting engineers for the work 
were Sir Alexander Binnie, Son and Deacon, of 
Westminster, to whom we are indebted for the 
following particulars of the undertaking. On page 
284, in Figs. 1 to 4 and on page 287, in Figs. 5 
and 6, we give the views of some of the interesting 
features of the work. 

The Alwen reservoir is formed by a dam approxi- 
mately 400 ft. in length and 97 ft. 6 in. in height, 
water being impounded to a depth, at the dam, of 
90 ft. The reservoir has a length of over 3 miles and 
a water area of 365 acres; the quantity of water 
impounded amounts to over 3,000,000,000 gallons. 
The dam is of concrete masonry. It is built to 
gravity section, but is actually arched in plan, being 
curved to a radius of 500 ft. This is well seen in 
Fig. 1, page 284. The foundations were carried 
down to a’maximum depth of 55 ft. The 
concrete used in construction amounted to about 
37,000 cub. yards, the centre being mass concrete 
with plums of local stone. Up-stream the dam 
is faced with smooth concrete blocks, while on 
the down-stream side ‘it is finished with blocks 
moulded to represent rough dressed rock. The 
effect of this work is very satisfactory. “The 
blocks. used weighed from 1 ton to 2 tons. 
They were moulded on a vibrating table and the 
conerete employed was 5:1. The crest level is 
1,190 ft. above O.D. The crest is divided into a 
number of bays by masonry piers which carry a 
roadway 10 ft. in width. Eight of these bays are 
used for the overflow sill, which thus has an aggre- 
gate length of 160 ft. This is arranged on the west 
of the dam on which side also is a flood-water 
channel leading to a basin with measuring weir 
below the dam, at which point the compensation 
water supplied is checked. By means of valves 
the level in this basin is kept constant when no 
flood.is passing, insuring a constant head over two 
orifices through which the water passes to the 
river. The basin and weir below the dam are 
illustrated in Fig. 2, page 284. 

The dam has a valve tower in which is a large 
standpipe with valves controlling the draw-off at 
three different levels. A scour pipe is also provided. 
In the dam the valve tower consists of a 12-ft. shaft, 
connecting at the bottom with a 12-ft. tunnel. 
At its lower end the stand pipe is carried along the 
tunnel terminating in a valve chamber, in which 
are placed turbines and electrical equipment 
employed to generate electricity by means of the 
compensation water passed down. The site of the 
reservoir was cleared of over 1,000,000 cub. yards 
of peat, and a marginal wall has been constructed 
to prevent trouble from the surrounding peat and 
earth. The water is normally strongly coloured, 
but is successfully treated before passing to the 
aqueduct, in Bell mechanical filters: The filter- 
house is situated a short distance below the dam, 
and contains 10 batteries each of five filters, .The 
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filter machinery is driven electrically by power 
generated by the turbines at the dam. 

The aqueduct to Birkenhead consists of pipes 
varying between 36 in. and 19 in. in diameter. 
As already stated, the distance is about 42 miles. 
There are four short tunnels in this distance, one 
of 170 yards, one of 350 yards, a third 250 yards in 
length and a fourth 175 yardslong. With the object 
of reducing the pressure on the pipes two balancing 
tanks are provided. 

The tunnel under the Dee is 759 ft. in length, 
and was driven for its whole length through fine 
water-bearing sand. Its construction was very 
fully described in a paper read in February last by 
Mr. R. F. Baker, M.Inst.C.E., who acted as resident 
engineer on the work, before the Liverpool Engineer- 
ing Society. We cannot do better than draw on 





the edge. During meal times, &c., the air pressure 
was then relieved to the extent of 6 lb. or 7 Ib. and 
the shaft sank about 18 in, in 10 minutes. The maxi- 
mum pressure used on the English shaft was 23 lb. 
The bottoms of the shafts are sealed with concrete. 

In driving the tunnel proper the pressure had to 
be regulated according to the tide. The rise and 
fall of the Dee at this point is about 12 ft., with a 
“bore” at spring tides. The pressure was regu- 
lated in accordance with a tide gauge. When the 
tunnel was started at a little distance from the 
actual river channel there was a time lag in the 
tidal effect upon the pressures required ; as the work 
proceeded this decreased and ceased altogether 
when passing under the channel. The shield 
adopted was-of the hooded type, and the work was 
carried out on the clay pocket method. Only the 
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this account of the undertaking for the details 
which limitations of space will allow us to give. 
The tunnel is 8 ft. in diameter and connects two 
shafts of 13 ft. internal diameter, one on each side 
of the river, that on the English side being 69 ft. 
deep and that on the Welsh being just under 61 ft. 
deep. The tunnel slopes on 1 in 107 from the 
Welsh to the English side. It is intended to 
accommodate two pipes, but at present only one 
is installed. 

The shafts were sunk by grab, the whole of the 
kentledge being applied at the top. By pumping 
out the water which was met with within a few 
feet of the ground level, it was possible to loosen the 
soil sufficiently to bring up a full grab on each 
occasion. The last few feet were done under 
compressed air by hand excavation. One shaft 
was done at a time to save the cost of two sets of 
air locks, and the tunnel was subsequently driven 
across the river from the Welsh to the English 
side. The weight of the shaft lining, kentledge, 
&c., amounted to about 180 tons. When sinking 


under compressed air this load was not sufficient 
to cause the shaft to drop when full air pressure was 
on, and in consequence excavation proceeded in the 
centre of the bottom, leaving a small bench round 
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four bottom rams were used in pushing, in order to 
obviate all risk of diving. The shield showed a 
tendency at one time to roll; this was corrected by 
attaching a plough to the cutting edge. 

The tunnel lining consists of 1 ft. 8 in. rings 
made up of seven segments and a key-piece. For 
several weeks it was driven at a rate of 55 ft. per 
week, until a blow occurred on February 10, 1920. 
The river channel is at its deepest point 8 ft. 6 in. 
below ordnance datum, and the top of the tunnel is 
about 12 ft. below that. The blow did not occur, 
however, at the deepest part of the channel. A 
crater was formed, 12 ft. in diameter and 4 ft. 6 in. 
deep, which had to be filled with clay. The accident 
was fortunately not attended by serious results 
to the men on the work, though one man was carried 
some distance by the rush of air and was bruised 
to some extent. The work of filling the crater 
occupied a week, and progress afterwards was a 
good deal slower. 

The pressure used seldom exceeded 20 lb., and no 
cases of compressed air sickness occurred. A 
medical air lock was provided, but did not have 
to be brought into use. The cost of the work 
amounted to 36,0001., or about twice the amount at 





pre-war costs. 














The Cross Hill reservoir is a particularly interest- 
ing piece of work. It has an area of 3-6 acres, 
1 ft. in depth equalling the storage of 1,000,000 
gallons, the total available depth being 28 ft. 
The reservoir is covered and is of composite brick, 
concrete and earth construction. It is designed so 
that the thrust when full is taken by a surrounding 
earth embankment, but when empty the pressure 
of the latter is taken by a series of horizontal brick 
arches: In plan the reservoir is hexagonal, each 
side being made up of eight horizontal arches of 
30 ft. span and a radius of 27 ft. 6} in., with smaller 
spans at the angle points where two sides meet. 
At the springing of these horizontal arches there is 
in each case a vertical steel plate girder, 4 ft. over 
flanges by over 30 ft. in height. The bases of these 
vertical girders are embedded in concrete, The 


¥ 


shee 


- 


ie 


Sl 


aé 52 


ry 


es 





-INTERIOR OF CROSSHILL RESERVOIR. 
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upper ends are tied to the interior structure of the 
tank as will be presently described. The girders 
are cased’ in concrete and special moulded blocks 
which form the springers for the horizontal arches 
built of brindle brick. The latter work is 14 in. 
thick to 11 ft. 3 in, above the floor, and 9 in. thick 
above. It is backed by concrete, 12 in. to 18 in. 
thick, at the arch centre and 5 ft. thick at the 
haunches, where it encloses the plate girders, A 
layer of asphalt, # in. thick, is laid between the 
concrete and brickwork. The earth bank outside 
is trimmed to a 24:1 slope, the walls being 21 ft. 
thick at the top. 

The reservoir is roofed in by 217 domes, supported 
by the side walls and 432 concrete island pillars. 
The majority of the domes are thus carried on groins 
connecting six pillars, the plan of each unit being a 
regular hexagon. The pillars are of moulded 
hexagonal concrete blocks, 18 in. deep, chamfered 
top and bottom. A 6-in. hole is cored in the centre, 
and this was filled with cement mortar. At the 
top a steel gusset plate is fixed, and to this gusset 
are attached the ends of the joists forming the 
reinforcement of the connecting groins. At the 
outside ring the other ends of this reinforcement 
are attracted to the steel vertical girders, thus 
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tying the whole structure right across the reservoir. 
The groin reinforcement is 3 in. by 11 lb. steel joist, 
and the groins themselves in which it is embedded 
are 14 in. wide and project 14 in. below the dome, 
and are arched on the underside to a radius of 
20 ft. 4 in. These groins were moulded in place. 
The groins and the reinforcement will be recog- 
nised in Figs. 3 and 4, page 284, and 5 and 6, 
page 287, which give various views of this reservoir 
during construction. 

The domes have a span between opposing parallel 
groins of 30 ft. They have a minimum thickness 
of 6 in. at the crown, increasing to 13 in. at the 
centre of the groins. The intrados is struck to a 
curve varying from 50 ft. radius at the centre to 
17 ft. radius at the springing. Double shuttering 
was not required for this work. Some elaborate 
tests were carried out on a section of a dome, in 
the course of the work, with both symmetrical and 
unsymmetrical loading, the latter including a test 
load on one-half of the span of 12 tons of bricks, 
which the section stood with only } in. deflection 
and no sign of failure. The centering adopted con- 
sisted of triangular scaffolds mounted on wheels. Six 
scaffolds were placed together between the pillars and 
on the top was placed the dome centreing, consist- 
ing of 18 dome sections and a keypiece. This cen- 
tering proved very portable and was quickly moved 
and re-set as the progress of the work required. 

The floor of the reservoir is mostly 12 in. thick, 
on hard sand. In places marl was met with, and 
this was removed and the concrete carried down to 
sand, so that the floor thickness is not uniform. 
The pillars are carried on footings 2 ft. thick, these 
footings being hexagonal in plan with 8 ft. sides. 
The side wall foundations are carried 2 ft. 3 in. 
below the floor level except at the vertical steel 
girders where it is taken down to a depth of 3 ft. 2 in. 
The floor is covered with asphalt } in. thick. 
Seyssel asphalt was used spread in two layers, 
} in. thick, this quality being hard enough not to 
spread under the load of the pillars, &c. 

An inspection shaft of brickwork 9 ft. in internal 
diameter, is placed in the centre of the reservoir. 
The inlet well is dry and access can be had to the 
valves, The main entering it is 25 in. in diameter, 
and is provided with a reflux valve. The outlet 
well is similar but is a wet well, the level of water 
being that of the reservoir, and the pipe from the 
latter close to the floor. This outlet pipe is provided 
with a valve so that the well can be isolated. The 
pipe leaving the well is 28 in. in diameter, and has 
an automatic emergency valve to shut it in case 
of a burst main. The Cross Hill tank is stated to 
be one of the cheapest covered reservoirs constructed, 
running out at 2,800. per 1,000,000 gallons, which 
compares with 5,000/. for several reservoirs con- 
structed for London works. 

The total cost of the scheme as originally mooted 
in 1907 was estimated at 738,0001., of which 
590,000. was allotted to works construction and 
the remainder to easements. It became necessary 
to revise the estimates in 1914, since certain engineer- 
ing difficulties had been encountered,‘ mainly in 
connection with the removal of peat from the site, 
and also owing to increased costs of labour and 
materials. Authority was then obtained for the 
raising of a loan of 1,000,000/. During the war the 
works were temporarily suspended and on resump- 
tion after its conclusion prices had increased to 
such an extent that the original estimate was 
raised to 1,332,000/. This sum has, however, now 
proved to be inadequate, as about 1,250,000I. has 
already been expended, and the balance will not 
suffice for the completion of the scheme sanctioned, 
which includes, as already s:ated,the construction 
of the Brenig reservoir. The town will, however, 
save a sum of 44,0007. annually now expended on 
pumping, which will not be necessary with the new 
supply. On Monday, the Mayor, Mr. Luke Lees, 
said that if the scheme had been postponed till the 
present time other financial obligations would have 
probably made it impossible. 

The contracts for the Alwen Dam and reservoir, 
the Cross Hill Tank and part of the pipe line were in 
the hands of Sir Robert McAlpine and Sons, 50, Pall 
Mall, 8S.W. 1, while the remainder of the aqueduct 
with the Dee tunnel were entrusted to Messrs. 
John Cochrane and Sons, Limited. 





THE ECONOMIC EFFECTS OF DEFICIENT 
PRECIPITATION. 

Tue reclamation of arid lands by the Federal 
Government of the United States has proceeded 
steadily since the beginning of the century. Previous 
to the war, a million and a half of acres could 
receive irrigation water, and this area has been 
greatly increased since by additions to the canal 
system. The growth of new communities accus- 
tomed to the convenience and certainty of a water 
supply at all times and of the quantity needed, has 
led to an ever-increasing demand, that has apparently 
justified further expenditure in conserving and 
distributing the relatively heavy precipitation of 
the mountain regions. But recent experiences in 
California have shown that this extension cannot go 
on indefinitely. It is limited by the minimum 
rainfall in a season, for when abnormally light 
precipitation occurs for three or four successive 
years, and this deficiency has prevailed in North 
and Central California, the inevitable water shortage 
entails loss to an extent all the greater in proportion 
to the numbers who are dependent on the supply 
brought to their farms from artificial reservoirs. 
In 1920, Californian streams reached the lowest 
stages on record, and some of the smaller streams 
dried up entirely. At a distance of 70 miles from 
the Golden Gate, the Sacramento River fell to a 
point more than a foot below mean sea level, and 
even 90 miles from the mouth the surface was below 
this datum. 

The consequence of this abnormal shortage can 
be easily traced. San Francisco Bay is a drowned 
or submerged valley, being originally the lower 
reaches of the Sacramento-San Joaquin Rivers, 
containing now saline waters, while the water in 
the rivers is fresh. When, as in the summer of 
1920, the stages of the fresh-water streams fall 
below that of the level of the Bay, the stream flow 
in the lower portion of the rivers is actually reversed, 
the saline water encroaching upon the rich agri- 
cultural lands, which in the past have been irrigated 
by seepage and the pumping of fresh water from 
the streams. As a rule the vegetable crops of this 
favoured delta region are very heavy, but they were 
much reduced in quantity, the dairy industry was 
driven to other regions, and the infiltration of salt 
water through seepage threatened permanent 
infertility. For domestic use, and for manufac- 
tories requiring fresh water, the only supply was by 
means of barges transporting the water across the 
bay. Residents were placed on a strict water ration. 
Further up the river, at Antioch, pipes and boilers 
in homes and factories were eroded and later fell 
to pieces. 

The rice growers were among the greatest losers. 
This is a comparatively new industry, but the rich 
alluvial flood plain of the Sacramento River has 
been found to be well adapted for rice production, 
and the value of the crop is placed at 62,000,000 
dols. The quantity of water used is very large, 
amounting to 60 in. or even 120 in. The fields are 
flooded artificially during the growing season, and 
abundant water is needed until about September 15. 
The rice planters, after the experience of previous 
years, voluntarily reduced the area under culti- 
vation by 50,000 acres, and made their water 
demands as small as possible. The landowners 
of the San Francisco Bay region, however, conscious 
of their own inconveniences and material losses, 
looking for compensation, sought an injunction in 
the law courts to prevent the rice growers taking 
water from the Sacramento River. The landowners 
contend that the diminished supply was due to 
excessive pumping for water for rice irrigation up 
stream. The rice growers maintain that the 
decreased flow is due to the deficient precipitation, 
which had depleted the mountain reservoirs and 
lowered the ground water level to abnormally low 
stands. The suit is still proceeding and litigation 
will go on for years, but it is clear that there is not 
enough water to go round, and the withdrawal 
of water from other watersheds will injuriously effect 
those districts. 

Engineers have also their grievance. Hydro- 
electricity is the principal source of mechanical 
power in California, depending for its ultimate 
source on storage reservoirs. As the supply of 
stored water became deficient, resort was had to 


steam plants for generating electricity. But oil 
fuel was dear, and labour charges high, compelling 
the power companies to raise rates by 15 per cent. 
As a consequence rents were increased, transport 
was made expensive, street car companies reduced 
facilities, and compulsion was even brought to bear 
on the advertising community, and the exhibition 
of electric signs was restricted to three nights a 
week. 

A curious result was the activity of the “ ship- 
worm,” the teredo. This marine organism survives 
only in water having a salt content between 0-5 per 
cent. and 4 per cent. By the encroachment of salt 
water, a suitable habitat was provided for this 
worm, far from the sea, and as no protection to 
structures had been provided against such a pest, 
it proved itself a destructive force of great economic 
consequence, It burrowed into wooden structures 
to such an extent that wharves, weakened by honey- 
combing, collapsed entirely, and many others had 
to beabandoned. Damage to not less than 1,000,000 
dols. was effected, and the measures recommended 
to prevent further depredations by this organism 
will cost as much more. 

A water famine for only a short period is capable 
of producing great disarrangement in social economy, 
and the competing interests of mechanical power 
and of agriculture will require to be nicely adjusted 
in the future. The competition will grow more 
acute by the rapid growth of the population. It is 
estimated that California can support a population 
of 30,000,000, if water be properly stored and dis- 
tributed. The point is that we have to contemplate 
a new limit to continual expansion, for the actual 
amount of precipitation cannot be increased by any 
precautions, and further it is not impossible but 
that the spread of agriculture will have the effect 
of causing a more uniform run-off, so that the 
collection of large quantities in storage reservoirs 
will be attended with increasing difficulties. It is 
proposed that the entire district affected be 
organised by the State Legislature into a single 
State conservation and flood control district, 
merging flood control, reclamation, drainage and 
irrigation into a single unified project. To carry 
out this plan it is proposed to construct one gigantic 
storage and irrigation project that would reclaim 
an additional 12,000,000 acres. It is estimated that 
the scheme in its entirety would cost a sum of about 
700,000,000 dols., but would add billions of dollars 
to the wealth of the State. It would seem that the 
first duty would be to make provision for existing 
interests, both agricultural and manufacturing. To 
increase the competitors for a limited supply might 
easily bring disaster in its wake. The question can 
only be adequately discussed by experts on the spot, 
but the comment of the San Francisco Chronicle 
is undoubtedly sound. “Rain or shine, for the 
next decade the most important matter before our 
people will be the storage, so far as humanly possible, 
of every drop of water which falls on the State, 
and its utilisation for irrigation and the developnrent 
of power.” 








THE EDINBURGH MEETING OF THE 
BRITISH ASSOCIATION. 

Tuirty years will have elapsed since Edinburgh 
last entertained the British Association, when Sir 
T. Edward Thorpe opens the 89th annual meeting, 
on Wednesday, September 7. The previous visits 
to the capital of Scotland had followed one another 
at shorter intervals. In 1834, Sir T. M. Brisbane 
had presided over the first Edinburgh meeting 
of 1,298 members. The attendances at the first 
meetings of the Association are a little uncertain: 
353 members had attended the inaugural meeting 
at York in 1831, under the presidency of the Ear] of 
Fitzwilliam ; how many went to Oxford in 1832 
is not recorded, and about 900 assembled at Cam- 
bridge in 1833. When Sir David Brewster presided 
at Edinburgh in 1850, 1,241 members attended. 
The president of the next Edinburgh meeting—that 
of 1871—was Sir William Thomson (Lord Kelvin). 
The attendance on this occasion did not quite reach 
that of the previous year at Liverpool, under Pro- 
fessor Huxley, when it was 2,878, and that had 
been exceeded by the Newcastle meeting of 1863, 
under Sir William G. Armstrong. At the fourth 





Edinburgh meeting a great geologist, Sir Archibald 
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Geikie, was the president, and 2,070 members 
attended. The Manchester meeting of 1887 had 
meanwhile, thanks largely to the personal influence 
of its president, Sir Henry Roscoe, eclipsed previous 
records by its attendance figure of 3,838 members. 
That figure was again exceeded in Australia in 1914, 
where 5,044 members entered their names. But 
that meeting was a Continental gathering beginning 
in Western Australia and ending in Queensland in 
the North East, and can not very well be compared 
with visits to home cities and towns. 

A large attendance is perhaps hardly to be ex- 
pected for Edinburgh this year. The times are not 
propitious, especially as regards chemists and other 
visitors from the Continent, who swelled the ranks 
at Manchester ; Sir Edward Thorpe is a chemist, like 
Sir Henry Roscoe. Yet nearly a thousand members 
had notified the London office of their intention 
of going to Edinburgh up till last week, and the 
London officers were not then acquainted with the 
names on the lists of the local officers at Edinburgh. 
Last year, at Cardiff, the local joining-up was dis- 
appointing, though Cardiff is likewise a busy 
educational and industrial centre of considerable 
historical interest. If the historical and scenic 
attractions of Edinburgh and the far-reaching 
associations of its University are pre-eminent, they 
will, for that very reason, hardly attract many new- 
comers, fot to most members it will simply be a 
question of paying another visit to Edinburgh, 
though not many perhaps will be able to speak of 
the pleasant meeting held during the first August 
week of 1892. 

That meeting, like its predecessors, was a full 
week’s meeting, Wednesday to Wednesday, and 
the coming meeting will also last a week, for 
the first time since the beginning of the war. 
Those who had been looking forward to a com- 
paratively easy time may be a little disappointed, 
however, when they study the programme. The 
full week includes a Sunday, which does not 
figure on the sectional agenda at all. The first 
Wednesday is free for the ordinary members, except 
for those on committees, till 8.30 p.m., when the 
Presidential address will be delivered, and most of 
the Sections hope to finish their proceedings by the 
Tuesday, September 13, so that the other days of the 
week appear only once on the programmes. Members 
of Section G, in particular, however, should not 
leave before the second Wednesday, September 14, 
when the report of the Committee on complex stress 
and other important papers will be discussed. The 
concluding meeting will be held at noon on that 
Wednesday. There is one clear evening this year, 
the Monday, the others being taken up by a Recep- 
tion by the Lord Provost (on Thursday), and by 
discourses, while the Saturday is, as usual, left for 
general excursions. But most of the Sections will 
be very busy; several of them will even sit in the 
afternoons, which other Sections leave free for 
visits to works and institutions, and Section A, 
while hoping to conclude its transactions before 
the Wednesday, will not only hold afternoon 
sessions, but revert to its old policy—forced upon it 
—of subdividing into departments. 

In his presidential address, which is to be deli- 
vered on the Friday of the week, to Section A, 
Mathematical and Physical Science, Professor O. W. 
Richardson, of King’s College, will deal with Pro- 
blems of Physics, including, we may anticipate, the 
emission of corpuscles, one of his own particular 
studies. The address is to be followed by a joint 
discussion with Section B, Chemistry, on the 
Structure of the Molecule, to be held in the rooms 
of Section B. Thursday has a long programme. 
There are papers by Professor J. C. McLennan, of 
Toronto, on Radiation and Absorption by Atoms 
with Modified Systems of Extra-nuclear Electrons, 
and by Professor R. W. Wood, of Baltimore, on 
Spectra of Hydrogen from Long Vacuum Tubes 
and on the Time Interval between the Absorption 
and Emission of Light in Cases of Fluorescence, to 
be followed by a description, by Dr. Crichton 
Mitchell, of the Geophysical Observatory in the 
Shetlands. The Section will then subdivide into a 
department for Physics and Mathematics (papers 
by Professor E. T. Whitaker, title not fixed; by 
Mr. A. A. Campbell Swinton, on Reception of Wire- 
less Waves on a Shielded Frame Aerial ; by the Duc 


De Broglie; and by Professor H. Briggs, on Prehen- 
sibility, a Factor in Gaseous Adsorption); and a 
department for cosmical Physics in which Dr. Carle 
Salter will discuss the Drought in England of 
Summer 1921; Captain C. K. M. Douglas will 
speak on the (Meteorological) Work of Professor 
Bjerknes, of Bergen ; the Report of the Seismological 
Committee will be presented, and Dr. M. Jeffreys 
will also make a contribution—all these papers are 
down for the Thursday morning. In the afternoon, 
Mr. J. J. Dowling will demonstrate the use of a 
Recording Ultramicrometer. This is an oscillating 
valve, with the aid of which a variation in gravity 
due to a height difference of 1 m. can be detected ; 
and Mr. W. L. Balls will describe a Simple Harmonic 
Analyser-Periodoscope, which, with the aid of 
equidistant strings, analyses a curve, a templet of 
which has been prepared. Dr. Dawson Turner and 
Mr. D. M. R. Crombie will further demonstrate the 
Behaviour of an Electrified Pith Ball in an Ionised 
Atmosphere—altogether for one day 15 communica- 
tions out of a total of 26, crediting Section A with 
all the joint discussions in which the Section is to 
participate. 

The discussion on the Quantum Theory, on 
Monday, is to be opened by Mr. C. G. Darwin, Dr. J. 
W. Nicholson, and others. In the department of 
Physics, Professor Barkla will subsequently speak 
on the Energy of X-Radiations, and Dr. Hans 
Pettersson on Internal Movements in the Sea, while 
in the Mathematical department, Mr. J. Cullen and 
Dr. F. E. Hackett will read papers, the latter on a 
relativity problem. Professor A. 8. Eddington will 
lecture on Einstein’s Theory of Relativity in the 
afternoon. On Tuesday, the Age of the Earth is to 
be discussed in a joint meeting with geologists, 
zoologists, and botanists (Sections C, D, K); Lord 
Rayleigh will open the proceedings and Professors 
W. J. Sollas, Eddington, J. W. Gregory and F. 
Lindemann are to follow. Professor R. A. Sampson 
is then to describe the Microchronograph, and the 
Rev. A. L. Cortie, S.J., will present a paper on the 
Magnetic Storms of the Present Solar Cycle. 

Section B, Chemistry will be less overburdened 
with papers. The keynote will be struck on Thurs- 
day by Dr. M. O. Forster in his presidential address 
on the Laboratory of the Living Organism. Professor 
R. Robinson is to follow him with a paper on the 
Genesis of Plant Pigments and Related Substances, 
and the joint discussions with Section I, Physiology 
on Biochemistry, as well as the papers by Professor 
E. C. C. Baly on the Synthesis of Formaldehyde and 
Carbohydrates from Carbon Dioxide and Water, and 
by Professor F. M. Jaeger, on Simple Organic Acids 
by Ultraviolet Radiations, will carry the subject 
further and into the domain of photochemistry. 
These papers, as well as one by Professor G. Barger 
on Microanalysis of Compounds of Carbon, Hydrogen 
and Nitrogen, and the Reports of Research Commit- 
tees are to be presented on the Monday. The Friday 
will be devoted to the joint discussion with Section A 
on the Structure of the Molecule, which is to be 
introduced by Dr. Irving Langmuir, of Schenectady, 
and in which chemists (Professor Smithells and 
Dr. Partington), as well as physicists (Professors 
A. O. Rankine, W. L. Bragg and 8. H. C. Briggs) 
have promised to take part. The discussion is to 
be preceded by a paper by Professor H. E. Fier on 
the Modern Dyestuff Industry. Other papers of 
theoretical and technical interest are announced 
for Tuesday, by Professor F. M. Jaeger on Measure- 
ments of Surface Tension over a Wide Range of 
Temperature, by Mr. Cosmo Johns on Surface 
Tension of Liquid Steel, and by Professor Cecil 
H. Desch on Surface Tension and the Solidification 
of Metals. Dr. J. Owens has also promised a further 
paper on Suspended Impurities in City Atmospheres. 
Visits to various laboratories, breweries, the North 
British Rubber Works at Castle Hill, and the 
Roxburn Oil Company, have been arranged for the 
afternoons. 

The address to Section C, Geology, by Dr. J. 8. 
Flett, on Experimental Geology, should be of 
general interest; the other papers will be more 
strictly geological, except the already-mentioned 
discussion on the Age of the Earth. 

Section D, Zoology, is to be addressed by Professor 
E. S. Goodrich, on Some Problems in Evolution. 





Of the varied:communications by Professor Arthur 


Thompson and others, we may mention Sir Sidney 
Harmer on Modern Whaling, Dr. J. Ritchie on 
Giant Squids on the Scottish Coast, and the joint 
discussion with Section I, Physiology, on Instinctive 
Behaviour. 

Dr. D. G. Hogarth will deal with the Application 
of Geography in his address to Section E, Geography, 
and papers on the International 1 : 1,000,000 
Map, by Lieut.-Colonel Winterbotham ; on Aero- 
nautical Maps, by Lieut.-Colonel F. E. W. Lees ; 
on recent explorations, on Scotland and Edinburgh ; 
and a discussion with Section L, Education, on the 
Teaching of Geography, will keep the Section busy. 
Sir Arthur Keith is going to raise the question of 
the Origin of the Scottish People, in a joint dis- 
cussion with Section H, Anthropology. 

In Section F, Economics, wages, currency and 
economy will be the prominent subjects. The pre- 
sidential address by Mr. W. L. Hichens will treat 
the Principles by which Wages are determined ; 
Miss G. Jebb will speak on the Cost of Living—Sliding 
Scales; Mr. A. A. Mitchell on the Breakdown of 
the Minimum Wage ; Professor Kirkcaldy on Wage 
Systems; Mrs. B. Woottoon on Self-Supporting 
Industries ; Sir Josiah Stamp on the Taxable Capa- 
city of a Country; Mr. A. H. Gibson on Effects of 
the War on Credit, Currency and Exchanges ; Pro- 
fessor D. H. McGregor on Trusts ; Professor Edwin 
Cannan on Supply and Demand and Units of 
Currency, and Miss E. I. Stevenson on Public 
Expenditure—in fact, there will be a multitude of 
communications on the problems of economy, of 
which many of us fight shy. There is also to be a joint 
discussion with Section L, Education, on Vocational 
Training and Tests. 

As regards Section G: Engineering, we published 
the full programme, list of papers and order in 
which they are to be read, on page 253 of our issue 
of August 12. The main problems to be discussed 
in this section will be water power and tidal power, 
the Mid-Scotland Canal, electric transmission, plant 
and supply, radiotelegraphy, high-speed pumps and 
the strength of materials. 

Section H, Anthropology, will, apparently, have to 
dispense with a presidential address, if not with a 
president. The president elect, Sir James G. 
Frazer, has been obliged to go abroad before finish- 
ing his address. The proceedings of the Anthro- 
pologists are always very interesting to the outside 
member who finds time to attend them. That 
will also be so this year, when recent discoveries of 
palaeolithic art, and an Imperial School of Anthro- 
pology are to be discussed, and papers on Fairy and 
Witch Beliefs (Rev. J. A. MacCulloch), on Folk 
Lore in Uganda and other parts of Africa, in India 
and elsewhere are promised. Mr. A. W. Hilton 
will refer to the use of the Water Clock in Irrigation 
in Algiers. 

With Section H, the number of Sections was 
exhausted at the time of the Edinburgh meeting of 
1892. The further five Sections are more recent 
creations, upon which we can only touch briefly. 
In all these the presidential addresses will be subjects 
for discussion and not only for votes of thanks—a 
praiseworthy innovation. The President of I, 
Physiology, Sir W. Morley Fletcher, will deal with 
the Boundaries of Physiology, the President of J, 
Psychology, Professor J. Lloyd Morgan, with 
Consciousness and Unconsciousness. Important sub- 
jects in Section I are the Vitamines and Public 
Health (Dr. J. C. Drummond), the discussion on the 
Physiology of Heavy Muscular Work (Professor 
E. H. Cathcart and others), papers by Dr. Edridge- 
Green on Change of Hue by Dilution of Spectral 
Colours with White Light, and Dr. J. H. Shaxby, 
on the Testing of Colour Discrimination. Professor 
W. D. Halliburton’s lecture on Giants should also 
be mentioned. In Section J, the discussions already 
referred to on Vocational Training and on Instinctive 
Behaviour, claim attention, and further a paper by 
Miss E. L. G. Ross, on Estimation of Vocational 
Fitness among Mental Defectives. 

In Section K, Dr. D. H. Scott will, by his address 
on the Present Position of the Theory of Descent 
in relation to the Early History of Plants, invite a 
discussion of Darwinism, which it may be difficult 
to limit. Forestry problems and Forest Insects 
(Mr. Sutherland, Mr. W. J. Munro, Mr. Botherwick 








and others) will be among the chief subjects. 
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programme, Sir Henry Hadow’s address on the 
Place of Music in a Liberal Education, the papers on 
an International Language, on University Educa- 
tion and Reform (Mr. D. M. Cowan, M.P., and 
others), on the Ethical Value of Science (Dr. E. H. 
Griffiths), on the Preference of Pupils in Subjects of 
Study (Messrs. J. Don and J. Grigor), all deserve 
attention. How Mr. James McLaren will deal with 
his Simple method of Speaking English Phonetic- 
ally, we do not know. 

The Study of Agricultural Economics will be the 
subjects of the address of Mr. C. S. Orwin to 
Section M, Agriculture, The papers on the list 
concern agricultural education, farming, breeding, 
dairying, and food supply, and cover a wide range, 
and Dr. E, J, Russell will give a lecture to farmers on 
Science and Crop Production. The Relations. of 
Genetics to Agriculture will be discussed in con- 
junction with Sections D and K. 

There will be, in addition, the evening discourses 
by Professor C. E. Inglis, on A Comparison of the 
Forth and Quebec Bridges, showing the Evolution 
of Cantilever Bridge Construction during the past 
Thirty Years (on the Friday), and by Professor W. 
A. Herdman on Edinburgh and Oceanography (on 
the Tuesday). These discourses will be delivered 
like the President’s address, in the Usher Hall. 
Sir Edward Roope, C.B., F.R.S., has chosen a 
wide subject for his address: Some Aspects and 
Problems of Post-War Science, Pure and Applied. 
We have further to mention the Conference of the 
Delegates, which its President, Sir Richard A. 
Gregory, will address, on the Message of Science ; 
the address is to be followed by a discussion on 
Science and Citizenship. 

The Citizens’ Lectures, which are not intended 
for members of the Association, are entrusted to 
Sir Oliver Lodge, who will discourse on Speech 
through the Ether, to Professor A. Dendy, who 
will deal with The Stream of Life, and to Professor 
H. J. Fleure, whose subject will be Countries as 
Personalities. The already-mentioned lecture to 
farmers by Dr. Russell, is also announced as a 
citizens’ lecture. The offices of the association at 
Burlington House, Piccadilly, will be closed on 
August 31, and the Reception Room in Parliament 
Hall, Edinburgh, will be opened at 2 p.m. on 
September 5. 





LITERATURE. 


The Location, Grading and Drainage of Highways.’ A 
Concise Discussion of General Principles Illustrated 
by Current and Recommended Practice. By Wiutson G. 
arcer, C.E., Engineer, New York State Department 
of Highways. New York and London: McGraw-Hill 
Book Company, Ine. [Price 19s. net.] 
Wiruin the last few years American engineers have 
published some excellent treatises on road construc- 
tion and maintenance, each surpassing the preceding 
in wealth of detail and elaboration of design, till 
in the present instance, no less than four volumes 
will be required to present the information collected 
and the experience gained by Mr. Harger in his 
close study of American practice. The problems 
arising from the use of motors and self-propelled 
vehicles have occasioned this inevitable extension. 
The roads constructed for comparatively light 
traffic have proved unsuitable for heavy truck 
traffic, and freight hauling, now carried on the 
highways, a species of transport that will increase 
as roads improve and new bridges are built. One 
type of road, the water-bound macadam, sufficed 
for all vehicular traffic, we now have to contemplate 
the advent of the weighty rotor truck, requiring 
for its successful working a heavy, rigid type of 
pavement, the shortest possible distance between 
terminals, the elimination of needless rise and fall, 
easy grades and good alignment. Such roads are 
expensive to build. They are the necessity of 
thickly populated districts and may be regarded as 
the trunk lines of highway communication. They 
should be restricted to the use of vehicles having a 
gross load of some 15 tons, with a 10-ton back axle 
load, and a wheel pressure of 800 lb. per linear 
inch of width of tyre. To supplement these, and 
to accommodate the tractor trailer system, carrying 
a 10-ton gross vehicle load, a pavement, of consider- 
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able foundation strength is required, but the perfect 
rigidity demanded in the former case is not essential. 
With still lighter traffic, some form of macadam, 
gravel or sand-clay will have to suffice the needs 
of less densely populated districts, till, in the neigh- 
bourhood of scattered farms, earth roads prove 
adequate. In the last case, the limited means 
available must be employed to produce the longest 
extent of mileage possible, in the first, the most 
suitable design for present conditions, regardless of 
cost, may be adopted. 

This sounds axiomatic, but the author states, 
and we believe his remark is as applicable to this 
country as it is to America, that of late years 
there has been a tendency to construct and surface 
roads at a needless expense, or to favour through 
traffic to the detriment of local service. He urges 
that it is feasible by constructing roads to meet 
definite emergencies, to design a road system, in 
fact, that shall satisfy all exigencies, neither 
occasioning inconvenience to the manufacturer of 
trucks or interfering with the individual in the 
choice of a car. But the actual working out of a 
highway programme is rarely logical as there are too 
many conflicting interests to be considered. It is not 
uncommon for the highway engineer to forget the 
road user and the community and to think only 
of the improvements of technical detail, and there 
are always those who, remembering what untrained 
science and intuitions achieved in the past, are 
unwilling to seek assistance from wider ience 
and more scientific knowledge. One object which the 
author seeks to accomplish here is to convince well- 
meaning but uninstructed authority that the high- 
way problem is not a simple matter, but requires 
special training on the part of the engineer. To 
bring this truth home more acutely to the com- 
mercial mind, the author quotes costs of construction 
in particular cases, which show that considerable 
savings might have been effected by the adoption 
of more scientific designs. In the one matter of 
grading, he states, that his examination of the plans 
of about 2,000 miles of road constructed in the last 
ten years had convinced him that a needless ex- 
penditure of at least 1,000,000 dols. had been 
incurred, which had no practical value whatever. 
Looked at broadly ‘‘ About 75 per cent. of the plans 
showed a material expenditure of money for which 
no adequate return was obtained, amounting to 
from 5 per cent. to 20 per cent, of the cost. On 
some of the roads which, as built, served the traffic 
well, this excess might better have been spent on 
other jobs. On some of the roads which, as built, 
were not up to the requirements of the traffic, the 
waste-might better have been applied to their own 
improvement in fundamental features.” This is a 
grievous indictment and might be paralleled by 
instances nearer home. It enforces the need of 
providing scientific training for the executive staff 
engaged on the work. The reputation acquired 
from local knowledge of climatic conditions, of the 
quality of Jocal stones and such like information, 
which form the stock-in-trade of many of our 
local road surveyors, will no longer suffice. It is 
Mr. Harger’s purpose to insist on the road engineer 
being trained and recognised as a scientific authority, 
as one not slavishly following past methods but 
capable of initiating new plans that will effect 
judicious economies without reducing the usefulness 
of the roads. To judge from this first volume, which 
discusses the general principles governing the policy 
of highway structure and develops in detail the 
theory of economic location and grade line design, 
this purpose will be admirably fulfilled. 

Though only a few broad, essential features of 
road construction are discussed in this volume, 
the vast amount of technical detail presented makes 
any adequate summary impossible. The general 
plan followed is to set out distinctly and saliently 
the objects to be gained, and to treat in detail the 
several factors which make for or against the 
achievement of those objects. There are, the 
author reminds us, a number of satisfactory ways of 
solving any problem, provided the general plan is 
sound and economic principles of design are applied. 
The adoption of @ particular scheme 
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convenience, and economy is troublesome and’ at 
best is tentative, rather than final, for prices vary, 
machine design improves and traffic fluctuates. 
But the author’s method is to be commended, for 
he does attempt quantitative analysis, and the 
results are trustworthy on the data employed. 
Some of the conclusions, based on data conditioned 
by the present state of motor design and fuel prices, 
are rather surprising. For instance, in discussing 
the matter of grading, the author decides that for 
ordinary motor-car driving “if for any reason a 
6 per cent. grade cannot be obtained, you might 
just as well use a 10 per cent., and that heavy 
expenditure to get a 7 per cent. or an 8 per cent. 
has no bearing on the convenience of the road.” 
In truck hauling, if a 4 per cent. grade cannot be 
provided, there is no object, from the standpoint 
of convenience, in using less than 8 per cent. grade. 
Further, good reasons are deduced for the contention 
that very little practical advantage results from 
reducing grades on local service roads below a 
reasonable maximum, where the distance and rise 
remains fixed. The fuel consumption remains 
practically the same, whether a long straight rate 
of grade or a succession of various rates is main- 
tained. 

Though grades and alignment are the funda- 
mental permanent features of highway construction 
and improvement, there are other factors, as 
safety, convenience and economy, that have to be 
considered. These points include the determination 
of a safe driving slope, the pitch required to drain 
different surfaces, the width of the travelled way 
and the stable slopes for cut and fill outside the 
limits of the travelled section. These matters are 
fully treated from the point of design, not of con- 
struction, but various authors have treated these 
same questions, and there is no great room for 
originality. The remarks on Mountain Road 
Construction are interesting, though they have 
little application in this country. The diagrams 
of standard sections of highways adopted in different 
States are instructive and practical, but engineers 
must. wait for the appearance of the third volume, 
to see the mechanical solution of many of the 
problems raised. 

The last chapter is devoted to drainage, a term 
that is made to cover culvert and bridge con- 
struction. The author comments on the omission 
of adequate structures, reduction of reasonable 
water way, dangerous shortening of length, weakness 
for reasonable modern loads, and high waterways 
causing ponding, as indicative of poor economies. 
We are not sure but that the implied strictures are 
equally applicable in this country. The cost of 
ordinary culvert and small span bridge work does 
not generally exceed from 3 per cent. to 8 per cent. 
of the total cost of the road, and consequently 
designs, liberally conceived, do not add materially 
to the total cost of a road scheme. We gather that 
injudicious economy is often exhibited in these 
particulars, for it is stated that even in the richer 
States, the capacity of a modern road is occasionally 
limited in use by the retention of antiquated bridges. 
We look forward with interest to the appearance 
of the promised additional volumes. 

























































The Economics of Welfare. By A. G. Picou, M.A., Pro- 
fessor of Political Economy in the University of 
Cambridge. London: Macmillan and Co., Ltd., 1920. 
(Price 36s, net.) 

Economic welfare assumes various aspects according 

to the position from which it is viewed. By some 

writers, the term has been restricted to the pro- 
motion of class interests and the furtherance of 
plans intended to ameliorate the conditions of 
manual labour. When identified closely with class 
interests, the term too often implies an elaborate 
and selfish organisation for giving one favoured class 
opportunity for injuring, or coercing, another. 
Professor Pigou understands rather the adoption 
of methods that aim at the bettering of human life 
as a whole, and his object is to trace the operation 
of causes; often obscure and involved, that affect 
the status of a community. The indulgence in 
polemic or the achievement of a party triumph has 
no place in his scheme, nor are the complicated 
analyses, pushed here to their legitimate conclusions, 
mere dielectic. One sternly practical object is to 
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inquire how welfare can be effected or increased by 
the introduction of causes which it is in, the power 
of a statesman to call into being. Political economy 
is here exercising its proper function, and though 
the argument requires considerable analytical power 
to follow, and to draw a definite conclusion from the 
whole body of deductions giving to each its proper 
weight is a still more difficult task, yet to trace the 
steps in logical sequence, to mark the qualifications 
and restrictions that narrowly fence every proposi- 
tion and to watch the action and reactions of causes 
under a great variety of circumstances is an illu- 
minating and salutary exercise. 

Disagreement from the author’s conclusions will 
probably be frequent, for not only will: prejudice 
and sentiment interfere with impartial judgment, 
but there are no means of measuring by a common 
standard, effects that operate unequally and: in 


many directions. Beneficial effects produced by a: 


known and definite cause may be cancelled or 
modified by effects of a contrary kind, brought 
about indirectly by the same cause. For instance, 
some material benefit may be welcomed for its 
immediate and palpable results, but if the confer- 
ment of that benefit bring about a deterioration of 
the recipients’ character and independence, its latent 
effects can only become evident after a lapse of time, 
and if perceived at all will’ be. very differently 
estimated by different judges, since no standard of 
measurement exists. The author is therefore careful 
to indicate, that he is not dealing with total welfare, 
but only with that form of welfare which can. be 
conveniently described as. economic, and whose 
results: can be measured or referred to.a money 
standard. How far the omission of the effects 
which cannot be submitted to the test of measure- 
ment invalidates the conclusions drawn from a 
necessarily partial analysis must be left to individual 
judgment. Some may think that the practical 
utility of the inquiry is destroyed. Such a decision 
would be far too sweeping, It is more reasonable 
to suppose, that in the aggregate these unestimated 
effects operate in the same direction as the measur- 
able. But mathematical accuracy must not be 
expected, the results are admittedly approximate, 
and probability must be accepted where demonstra- 
tion is impossible. 

A more subtle argument, but one equally unsound, 
has been urged by a school of biologists who are 
disposed to treat these inquiries as possessing only 
a trivial or academic character. It raises the old 
problem of the relative importance of heredity and 
of environment. The contention of this school is 
that investigations dealing, as these do, with the 
national dividend and the uniformity of its dis- 
tribution can only affect environment, and may 
therefore be compared to acquired characters which 
cannot be inherited. Hence such causes fail to 
react on the quality of the children born to those 
who enjoy the improvements. Hygiene, education 
and other desirable improvements, for which well- 
meaning philanthropists fight with more enthusiasm 
than knowledge, are but “fleeting palliatives, at 
best, which in postponing, but augment the difficul- 
ties they profess to solve. Permanent progress is a 
question of breeding rather than of pedagogics, 
a matter of gametes not of training.” On the other 
hand, neglect, poverty and parental ignorance, 
serious as their results are, possess no marked 
hereditary affect. 

The supporters of heredity pursue the argument 
one step further and are perhaps justified in pointing 
out that the improved environment, if carried out, 
would enable feeble children to survive and thus 
tend to deteriorate the stock of future generations. 
The answer may be inadequate, but it is not without 
force, to urge that though the results from a bio- 
logical point of view may be unrecognisable, yet 
socially they are beneficial, and we should not with- 
hold our harid from what we can do, because other 
desirable efforts lie outside our limited capacity. 
Although environment may not directly effect 
germ-plasm, and we are powerless to attack the 
problem in its earliest stage, nevertheless it is 
certain that evil surroundings can influence disas- 
trously the physically well-born from stock. 
We understand this to be the plea of Mr. Sidney 
Webb, who argues that it is useless to rear babies 
from good stock, if they are allowed to grow up 








into bad men and women. “A world of well-born, 
but physically and morally perverted adults is 
not attractive.” Professor Pigou maintains that the 
effects of environment need not be confined to the 
individual under its immediate influence, but that 
its consequences may prove enduring. Evidently 
we have to do here with a balancing of probabilities ; 
one of those cases in fact in which beneficial effects 
may be cancelled by others originating from the 
same cause, and where having no hope of precise 
demonstration private judgment must be the arbiter. 
There will, however, be little dissent from the 
author’s remark, that whether heredity or environ- 
ment lead more quickly to the desired goal they 
“are of co-ordinate importance and the students of 
neither have the right to belittle the work of those 
who study the other.” 

Much of the divergence of opinion would disappear 
if it were possible to assign exact definitions and 


ensure precision by bringing a competent analysis: 


to bear on this complex. and involved subject. 
Evidently, however, a great practical service would 
be rendered, if we could predict the tendency, or 
trace the effect on welfare, of introducing some 
disturbing factor into the “ national dividend” ‘or 
income. But even such terms can hardly be defined 
without many discriminating reservations and a 
machinery for the aceurate testing of results. is 
inconceivable. In attempting to escape from. the 
difficulty,, the author considers the direction in 
which certain general movements, or variations: in 
national prosperity, may. be expected to affect the 
community in which the causes operate. He out- 
lines four main propositions to serve as touchstones 
or guideposts, and generally decides that economic 
welfare will be increased or diminished according 
to the completeness with which the conditions are 
fulfilled. But these conditions react on each other 
and none is self-contained. It will be found, 
however, that the arrangement assists the marshal- 
ling of facts, fixes the attention on definite issues, 
and makes for lucidity of treatment. 

Understanding by “national dividend,” or 
income, the fruit of the activities of the people 
working in conjunction with the accumulated 
results of past activities and with the materials 
and forces provided by Nature, and dismissing the 
possibilities of forced labour from the scope of the 
inquiry, the author urges that any cause which 
increases the average volume of national dividend 
will increase economic welfare, provided that it 
neither injures the distribution nor augments the 
variability of the country’s consumable income. 
One main reservation attached to the proposition 
is, that both the satisfaction yielded by consumption 
and the dissatisfaction involved in production have 
to be taken into account. The adjustment or 
balancing of final accounts requires, that there must 
be some point at which the satisfaction of adding 
to the ‘dividend involves a greater loss than the 
indirect gain. Such a condition would arise if a 
man worked an undue number of hours per day ; 
the extra labour would not be compensated by the 
satisfaction yielded by the greater product. 

The second proposition states that keeping the 
national income and variability constant, any cause 
which increases the proportion of the national 
dividend received by poor persons will in genéral 
increase economic welfare. This deduction will 
perhaps be regarded as axiomatic. A poor. person, 
whose definition the author does not attempt, from 
want of education or temperament may not make 
a good use of increased means, but after a time the 
possession of a large income will develop the 
capacities and faculties adapted for the enjoyment 
of a larger expenditure. It is strange how the 
spectre of unwieldy families is allowed to perplex 
the issue, for it is urged by some, that an increase of 
income would be accompanied by an increase of the 
population, until the income is reduced to the old 
level and consequently no permanent benefit would 
acerue. The alarm is needless: increased pros- 
perity often brings a diminution of births, for as 
prosperity increases so do the pleasures that com- 
pete with marriage, and the demand for increased 
pleasure and refinement operates against the 
creation of large families. Infant mortality would 
diminish, but that is only another way of saying 
that economic welfare would increase. 





The third proposition is thus expressed by the 
author: “ Any cause which diminishes the varia- 
bility of the national dividend, provided that it 
neither diminishes its volume nor injures its dis- 
tribution will, in general, increase economic welfare. 
The fourth proposition, which is a kind of corollary 
to the preceding, says, that any cause which 
diminishes the variability of the part of the national 
dividend accruing to the poor, though it increases 
the variability of the part accruing to the rich, will 
tend to increase economic welfare. The assent to 
these latter propositions will not be so general as to 
the preceding because there is a fear, whether 
defensible or not, that as an approach is made to 
equality of income the energy of production would 
diminish, and therefore .the average volume of 
national dividend would not be maintained. The 
resulting condition might be compared to that 
which obtains in the physical world, when the 
availability for transformation of energy decreases, 
though the quantity remains the same. When all 
bodies of a system are at the same temperature no 
work is obtainable, Analogies are often misleading, 
but it is possible to imagine a state of society in 
which the potential energy has disappeared, and 
only a useless state of kinetic energy remains. 

In a review of this nature there is neither space 
nor occasion for detailed exposition, and if Professor 
Pigou’s treatment is illuminating it is neither short 
nor simple. It must suffice to say that he discusses 
at considerable length, with all the necessary 
exceptions and qualifications, the way in which 
three important groups of influences affect the 
magnitude of the national income. These influences 
are concerned with (1) the distribution of the pro- 
ductive resources of the community among various 
uses or occupations, (2) those associated with the 
organisation of Labour, and (3) with the collection 
of revenue. It is only necessary to mention some 
of the questions that come prominently forward, to 
show at once both their interest and the impossi- 
bility of treating them here with any completeness. 
These include the incidence of taxation, the currency 
problems bequeathed by the war, the possibility 
of a return to the gold standard, the settlement of 
the fiduciary issue after normal conditions have 
been restored, and a special levy to pay off a large 
part of the national debt. On this last point, the 
author urges with considerable force, that a levy, 
which, ideally, should be assessed on both material 
and brain capital, would oil the wheels of production 
and increase the national dividend. There will be 
cases of individual hardship, however ingeniously 
the levy is adjusted, but on the other hand, there is 
no doubt that the maintenance of the status quo 
entails numerous cases of individual injustice. 

Part V is devoted to the consideration of the 
share of the dividend enjoyed by the poor, when 
the volume of the national dividend is affected. 
Among the questions examined is an inquiry to 
determine the extent by which inventions and 
improved mechanism can effect the absolute state 
of labour. The conclusion is, that an invention 
that benefits the national dividend may, but very 
improbably will, diminish the real income of the 
poor. Another point to which we may listen with 
advantage, even if conviction is withheld, is the 
voice of science determining how far the forcing up 
of a wage rate of a group of workpeople will at the 
same time injure the national dividend, and increase 
the real income of labourasa whole. The final effect 
will depend on whether the workpeople are them- 
selves purchasers of the goods they produce, and as 
workpeople are the purchasers of most commodities 
produced, the author decides that the outlook for 
a net gain is not very bright. But a decision is not 
conclusive, and the operation of various factors 
may turn the balance. A much larger question is 
the effect of the national dividend of direct trans- 
ferences from the relatively rich to the relatively 
poor. Herein is perceived much of the tendency 
that characterises modern governments, and these 
“transferences,” as the author euphemistically 
describes them, may be regarded as “sops to 
Cerberus,” or attempts to satisfy, or at least to 
silence, a clamorous proletariat. Professor Pigou 


appears to think that the nation may travel in- 
definitely along this road with safety, but he con- 
stantly has before his eyes the dread possibility 
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that the welfare of the whole nation may eventually 
suffer. 

The last section, while devoted to an investigation 
of the principal causes which affect the variability 
of the national dividend, carries still further the 
inquiry into the operations of a communistic 
Government in relieving or assisting the manual 
labouring classes. The influencing causes are very 
intricate and the difficulty of appreciating the entire 
argument in its many bearings is very great. The 
answer to many of the questions is probably not 
to be found a priori, but in the old methods of time 
and experience, or “ solvitur ambulando.” 





The Case-Hardening of Steel. An Illustrated Ex 
of the Change in Structure and Properties induced in 
Steels by Cementation and Allied Processes. By 
Harry BREARLEY. Second edition. London : 
Longmans, Green and Co. [Price 16s. net.] 

Tis book has already an assured position as an 
excellent and useful guide to all matters concerning 
the case-hardening of steel, and the exhaustion of 
the first edition has enabled the author to revise 
and re-cast some of the chapters in the light of war 
experience. The result is a further enhancement 
of its value and we believe that there will be an even 
larger demand for the second edition than there 
was for the first. 

The striking feature about all Mr. Brearley’s 
publications is the originality of treatment and the 
freshness of his exposition. He is one of the few 
writers on metallurgical subjects who keep the facts 
and the explanation of the facts separate and distinct 
in his own mind, and who, brought up in a city of 
narrow tradition, has acquired traditional experi- 
ence and yet retained the faculty of subjective 
criticism. His judgments are free from self- 
consciousness, but if they show at times a little 
wilful iconoclasm, the spirit of his science is always 
compassionate towards the good in the fragments. 

Take the question of fibrous cores in case-hardened 
objects which are believed in blindly by all case- 
hardeners. In his own words, ‘“ A logical person 
with only a moderate faculty for criticism would not 
have much difficulty in revealing the slender basis 
of fact on which many cherished notions about case- 
hardened steels are supposed to rest. . . 
Why, for example, should the core of a case-hardened 
object be better because it exhibits fibre and signs 
of toughness after the object is broken, or a high 
impact figure before the case has been formed ? 
If toughness means ability to distort under stress, or, 
more picturesquely, ability to distort under impact 
stresses, then a high impact figure means the same 


4° 





ZOELLY STEAM TURBINE CONDENSING LOCOMOTIVE. 





2 ee ai pate e 


es bal ee: pelt iaetondlc: pit et gay 
ork tae Ride a a 
ies Stee ety ae Ltilees, 


rie ge Pamala wie 


» iy euler 





thing, i.e., extended distortion of the material 
during the breaking of anotched bar. For material 
to distort rather than break is undoubtedly advan- 
tageous, but, however soft, the material inside 
an envelope of glass-hard steel cannot distort, 
and it cannot exercise any toughness it might have 
until the case is broken or its restraint is otherwise 
partially or wholly removed. Let the sceptic screw 
up his finger in a vice, and see how much of its 
flexibility he can exercise, or let him grip a bunch 
of fingers in a pipe wrench if he would realise that 
neither toughness nor fibre count for anything and 
cannot be made manifest except in material which 
is free to move.” 

Is this not a case where the pleasure of breaking 
some of our revered idols is not just a little wilful ? 
For Mr. Brearley knows just as well as anyone 
that a great many case-hardened objects are put 
into service with cracks in the case—either made 
during hardening or straightening, and it is not 
likely that he will assert that a crystalline core under 
such conditions would give as long a length of service 
as @ fibrous one. Still, his method makes us think, 
and any stimulus to such an end leaves us, we hope, 
duly grateful. 

The illustrations and printing in the book are 
excellent and the binding is sufficiently robust to 
withstand the repeated references which will in- 
evitably be made to it by everyone who is fortunate 
enough to provide himself with a copy. 





THE ZOELLY STEAM TURBINE CONDENSING 
LOCOMOTIVE. 

AN interesting locomotive is an put through trials 
on the Swiss Federal Railways, c of an engine 
fitted with a steam turbine and conde’ plant. 
This engine has been designed and constructed by the 
Swiss Locomotive and Machine Works, Winterthur, 
in conjunction with Messrs. Escher Wyss and Co., of 
Zurich. Through the courtesy of the former firm we 
are able to illustrate it above, and to give some notes 
von its development. 

The Givdenenint is the outcome of work by 
Dr. Henri Zoelly, president of the Société des Ateliers 
de Constructions tsesteern, Zurich, as a result of 
the coal shortage of 1918. A locomotive was placed, 


.| by the Swiss Federal Railways, at the disposal of 


the Swiss Locomotive and Machine Works, and 
Messrs. Escher Wyss and Co., for modification to 
Dr. Zoelly’s designs. The locomotive frames carry 
the boiler in the usnal way, and ed in the 
front of the smoke-box, di across the machine 
will be noticed the steam turbine. The latter drives 
through double spur gearing a jackshaft placed across 
the frames, which in turn transmits the power to the 
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driving wheels. by means of side rods. The surface 
condenser is arranged between the frames under 
the boiler, the simplification of gear due to the 
use of the turbine making this space available. 
The condensing water, of which the temperature is 
by the steam, is cooled again by a current of 
air produced by the movement of the locomotive. 
The apparatus in which this is effected is a long 
wrought iron casing, which will be seen on the 
tender, containing in its upper part a number of 
distributing tubes. Circulation is maintained by a 
small steam turbine-driven centrifugal pump which 
draws the water from the tender tank, passes it through 
the condenser and then passes it back to the re-cooler 
on the tender. The pipes in the latter have small perfor- 
ations, and a fine spray of water is ejected into a current 
of air resulting from the speed of the locomotive. The 
loss of water as a result is said to be about one-half of 
the quantity required by the usual form of locomotive. 
The locomotive has, up to the present, run trials 
aggregating about 471,667 ton-km., in ordinary 
railway service, and we are informed the condensing 
a circulating water re-cooler and the steam turbine 
ave proved very successful. A good vacuum is said to 
have been obtained and maintained while running, and 
considerable economy over existing superheated steam 
locomotives is expected. Owing to the smaller con- 
sumption of water less has to be carried for the 
same distance, while the boiler has the advantage 
of being supplied with hot feed in the form of the 
condensate. This is at a temperature of about 
50 deg. C., and is clean and free from oil. It is pumped 
to the boiler after having passed through a tubular 
feed heater, in which its temperature is further raised 
to 120 deg. C. As this condensate is used over and 
over again, and the loss only has to be made good with 
fresh water, the incrustation in the boiler should be 
considerably reduced. 





Tae German ALumINiuM INpustry.—Before the war 
Germany had only one aluminium works, at Rheinfelden 
in Baden, which was credited with an annual production 
of about 800 tons of aluminium. Several new works were 
built during the war, at Rummelsburg near Berlin, at 
Horrem near KGln, at Bitterfeld, at Grevenbroich on "the 
Erft, at Steeg near Goysern, andthe Lauta works in the 
Lausitz ; ; @ plant was projected also at Mihlendorf in 
Bavaria. Of these only the old Rheinfelden plant and 
the works at Bitterfeld (annual capacity, 4,000 tons), 
and the Erft and Lauta works (each with a capacity of 
14,000 tons) remain in operation, according to a paper 
read by Dr. Sterner-Rainer before the Deutsche Gesell- 
schaft fiir Metallkunde in July last. All the new works 
rely on electric preer and lignite ; only the Bavarian 
works will have hydroelectric power unless some of the 
other plants should be moved. In view of the uncertainty 
of the supply of the raw materials further developments 
are not likely at present. The problem of the utilisation 
of ordinary clay is being studied at several colleges, and 
the question of the recovery of aluminium from waste 
also receive particular attention. Dr. Rainer regretted 
that secrecy was still the rule in some aluminium works. 
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THE  HYDRAUCONE' REGAINER, ITS 
DEVELOPMENT AND APPLICATIONS IN 
HYDRO-ELECTRIC PLANTS.* 

" By W. M. Wurre, Milwaukee, Wis. 

“‘ HYDRAUCONE ”’ is a new word coined for convenience 
in referring to the new method of transforming velocity 
head of fluids in motion into pressure head. This method 
consists in causing the stream flow to impinge upon some 
definite shape, either flat, conical or concave, thus 
changing its direction, and then placing an envelope 
around the shape so formed upon the particular base 
used, which envelope conforms to the shape of the 
fluid at entrance and gradually recedes from what 
would be the normal or free shape of the non-enclosed 
fluid impinging upon the particular base used; the 
effect of this gradually-diverging envelo being to 
change the velocity head of a fluid flowing at high velocity 
into its entrance into pressure and low velocity at its 



























































the runner into pressure head by the time the water 
reaches the end of the draught tube, ar? thus maintain 
at the discharge side of the runner sages a suction 
action greater than that which would be caused by the 
difference in elevation between the runner and the level 
of the tail water. 

At first thought it seems like attempting to lift oneself 
with one’s bootstraps to endeavour to utilise the energy 
in water after it has left the water-wheel runner, but this 
utilisation may be effected by an efficient transformation 
of the velocity head in the water discharged from the 
runner into pressure head, which causes an increased 
action at the runner and thus maintains a greater head 
acting on the runner than the total head as measured 
between the equivalent water level of the water at 
entrance to the water wheel and the level of the water 
in the tail race. 

The necessity for an efficient means for regaining 
pressure from velocity of the water discharged from the 
water-wheel runner in modern plants has been brought 





water wheels, the final results of which showed that the 
guaranteed efficiency was exceeded by about 2 per cent., 
yet the efficiency could have been increased very much 
more had a better form of draught tube been installed. 

Experimental Work Resulting in the Development of the 
Hydr Regai he ity for a more efficient 
means of regaining pressure from velocity and changing 
the direction of flow from the water wheel within the 
limited space available in power-house foundations, led 
the writer to undertake a long series of experiments 
resulting in the development of the hydraucone regainer 
as set forth in the following pages. 

An hydraulic laboratory was installed in a garage near 
the corner of Second and Wright Streets, Milwaukee. the 
essential equipment of which was as follows :— | 4 

A water-box, 6 ft, wide, 5 ft. 6in. high and 32 ft. long. 

A centrifugal pump of 14 in. discharge diameter, belt- 
driven by a 25-h.p. motor which served to supply a 
maximum of 14 cub, ft per second of water against a 
maximum head of about 15 ft. 
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of water wheels for given 
conditions of power and'head, 
The cost of electric genera- 
tors of such sizes and speeds 
as are usually employed in 
water-power plants varies 
inversely as the speed, hence 
the buyer maintains a con- 
stant urge for higher water- 
wheel speeds, to meet which 
many high-speed types of 
runners have been brought 
out. As the specific speed 
of a runner increases, the 
percentage of energy it dis- 
charges also increases. A 
runner of moderate specific 
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speed discharges water with 
such velocity that the energy 
contained in the water as 
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normal or free shape"“of the impinging fluid is such as 
to bring about the same phenomena of flow conditions as 
result in an expanding straight-axis tube such as the 
discharge end of a Venturi meter. The new method 
therefore provides a means for transforming velocity 
head into pressure head within a short distance measured 
along the axis of the inflowing stream, and has useful 
application in water-power plants, supplanting the usual 
curved draught tube and providing for higher efficiencies 
with a minimum of excavation. For clearness reference 
is made in this discussion only to the single Francis- 
runner vertical water wheel unless otherwise stated, 

The draught tube of a water wheel serves two purposes. 
The first of these is to maintain at the discharge side of 
the runner passages a suction action equivalent to the 
difference in elevation between the runner and the level 
of the tail water, thereby providing for the use of the 
total head. The second p is to transform the 
velocity head in the water as it is discharged from 





* Abstract of a paper presented at the Spring Meeting, 
Chicago, May 23 to 26, 1921, of the American Society 





of Mechanical Engineers. 


velocity. head is about 10 
per cent. of the energy of 
the total head ; and runners 
of highest specific speeds 
discharge the water at sucn velocity that the energy 
contained in it as velocity head is from 20 me cent. to 
25 per cent. of the energy due to the total head acting 
on the water wheel. In order to secure high efficiency 
with high-speed runners it is therefore vital to regain 
the major portion of the energy contained in the water 
discharged from the runner for useful effect upon the 
water wheel, for as more of the energy which is discharged 
from the runner is regained, the efficiency of the water- 
power plant is increased. 

A good illustration of the necessity for a better means 
of regaining the energy disc from water-wheel 
runners is afforded by the installation at the Aluminium 
Company of America’s plant at Massena, New York, 
where five 6,000-h.p. vertical two-runner water-wheel 
units are installed. Efficiency was of great importance, 
and the contract was placed with the manufacturer upon 
a bonus and penalty basis for efficiency, this being 
6,000 dols. for each per cent. of efficiency per unit. The 
contract value of 1 per cent. increase in efficiency in 
this development was therefore 30,000 dols. Very 
elaborate tests were conducted by the Aluminium 
Company of America to determine the efficiency of these 
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42-in. diameter cylinurical plate-steel water-wheel casing 
with side inlet, 

A water wheel equipped with wicket guide vanes. 

A high-speed runner, being a 9 in, mudel of type 
No. 13, Allis-Chalmers Manufacturing Company. The 
discharge diameter of the runner where it joins the 
draught tube is 13§-in. Specific speed, 90 (English 
system). 

Also a prony brake, a tachometer, various Pitot tubes, 
gauges and manometers, &c. 

The output of the water wheel under good testing 
conditions was about 8 h.p., so that the size of the equip- 
ment was sufficient to give a practical demonstration of 
the relative efficiencies of the draught tubes, hydraucone 
regainers and other devices tested, 

great many tests were made with many objects 
in view, and comprised tests with no draught tube ; 
tests of straight conical and short curved draught tubes ; 
Argo and Mio curved draught tubes; hydraucone 
regainers and cone centres, with conical plates, and with 
flat plates ; a combination of straight draught tube and 
hydraucone regainer with flat plate ; and a power-house 
model of a hydraucone regainer. 

The hydraucone regainers with cone centres are shown 
at A and Bin Fig. 1, and the hydraucone ay oo with 
conical plates at C of the same figure. The raucone 
regainer with flat plate is shown in Fig. 2. 

Fig. 3 shows a combination of a straight draught tube 
with a hydraucone regainer having flat plates, This 
type, now frequently employed, was the one installed 
at Niagara Falls, as will be more fully described later. 
Fig. 4 gives the dimensions of a model of hydraucone 
regainer such as has been installed in several power 
plants now in operation. 

Figs. 5 and 6 show respectively the test curves plotted 
from the results of data obtained in the tests of the 
models of the Argo wig tube No. 1 and the hydrau- 
cone regainer with flat plate. It will be noted that the 
test results were all reduced to a basis of 1 ft. head before 
the results were plotted, Examination of these curves 
should convince any one that the tests must have been 
carefully conducted, and that the results may be relied 
upon to give at least a fair comparison of the relative 
ofBciencies of the various devices tested, The identical 
water wheel, equipment and setting were used in all 
these tests. 

Fig. 7 shows a series of efficiency curves plotted between 








294 


ENGINEERING. 





[AuG; 19, 1921. 








horse-power and efficiency from test curves similar to 
those illustrated in Figs. 5and 6, ‘These curves give the 
efficiencies obtained at constant epeed of the turbine 
throughout the range of the curves, The speed at 1 it, 
head is indicated in the figure by the abbreviation 
“r.p.m..’’ The speed at best efficiency is different for 
each curve, 

It will be noted that the more efficient the regaining 
device, the higher the speed as well as the higher the power 
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of the water wheel. It will further be noted that the 
increase of efficiency from “‘ no draught tube " as shown 
in Curve 1 to “hydraucone regainer” as shown in 
Curve 5 is from 77} per cent, to 86 per cent., with an 
increase in speed from r.p.m.; = 155 to r.p.m.; = 165, 
and with a maximum power from h.p.; = 0-270 to 
h.p.; = 0-310. The great gain therefore, by the use of 
hydraucone regainers is not only in higher efficiency 
but is also in both speed and power. a 
Curve 1, Fig. 8, shows the efficiency of the short curved 
draught tube, which, it will be noted, is less than with 
no yams tube at all. _— is 4 tion but what 
ants in operation to- are losing power because 

of the poor Served tubes the Ary sah . 
Curve 5, Fig. 8, shows the efficiency of the power- 
house model of hydraucone regainer w dimensions 
are given in Fig. 4 and are approximately the same as 
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those of the hydraucone regainer installed at the Hiram 
plant of the Cumberland County Power and Light 
Company, Portland, Maine. 

Curve 4 gives the results of a test of a plate steel 
curved draught tube that are very creditable, but it is 
very rare that there can be installed in a power-house 
a draught tube of the same relative dimensions as those 
of the model employed, for the cost of excavation 
would be prohibitive. 
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Fig. 9 gives the results of 
tests with the hydraucone 
regainers shownin Fig. ] and 
also with the straight tube 
and hydraucone regainer il- 
lustrated in Fig. 3. These 
curves are plotted from elabo- 
rate tests similar to those of Figs. 5 and 6 and show 
clearly that the hydraucone regainers with flat plates 
are slightly more efficient when tested with the model 
turbine than those with cone centres, 

Fig. 10 represents the results of tests made on various 
shapes of conoidal chambers, from which it will be 
seen that the hydraucone regainer as here discussed is 
susceptible of a reasonable variation without materially 
affecting its efficiency. 
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The early tests at the laboratory were made to deter- 








mine the effects on the model water wheel of. radial 
passages extending outward but with a slight:.angle 
downward from the horizontal, and with 

leading directly from the runner. These early tests 
were not so successful as the later tests because it was 
not realised that in order to change the direction of 
the water from axial as it flowed from the runner to 
radial and outward, it was necessary to take into con- 
sideration and provide for what was afterwardfcalled 
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the “‘hydraucone action’’ of water, which requires 4 
definite curvature to change the direction of the water 
properly from axial to radial if the greatest regain of velo- 
city head is to be expected and consequent losses are to 
be avoided. In searching for a means for increasing the 
éfficiency of regain the author recalled some experimental 
work done in connection with the determination of the 
Pitot-tube formula in 1900, the results of which were 
published in Vol. xxii of the Journal of the Association 
of Engineering Societies (1901); page 284. Fig. 21 of 
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that publication shows the stream lines and velocities of 
a jet impinging upon a plate, and by reason of the 
importance of the principle there disclosed in the new 
method of regaining pressure from velocity, it is repro- 
duced here as Fig. 11. 

The lines in this figure represent the stream lines of 
flow of the water, which were traced by injecting a small 
stream of blue water into the jet at various points along 
a diameter and noting and recording the flow line. 
The plate employed in this case was made of glass in order 
to afford ample light for making the observations. The 
figures given in the circles represent the velocities in feet 
per second at the various locations indicated. It will be 
noted that the water at the centre of the jet slows up 
as it reaches the plate and delivers its velocity head into 
pressure head at the centre of the place. This pressure 
head at the centre is transformed into velocity as this 
stream flow passes from the centre of the point of 
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with the turbine, and sometimes afterward. These 
models were all made of such size that the entrance was 
4 in. in diameter at the throat as compared with 13} in. 
at the throat of the larger models. 

The apparatus used for testing the small models is 
shown in Fig. 12. The model water wheel was removed 
from the plate-steel cylindrical casing. and in its place 
the curved wooden section L was bolted to the opening 
at the bottom of the casing. At the bottom of the 
curved piece L was connected a 4-in. diameter throat T, 
made of brass pipe with flanges, to the lower end of which 
the various smal] models were fastened. Four piezometer 
openings and as many gauges were provided to indicate 
accurately the pressure at the throat. Gauges a, b and ¢ 
serve to illustrate more or less diagrammatically the 
method of computing the efficiencies of the smal] 
models. The difference in elevation between gauges 
a and c was kept about the same, The reading of the 
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impingement to the point beyond the radius of curvature. 
Referring to Fig. 11, the radius of curvature of the water 
in making its change in direction is a definite curve 
and is the minimum which can be used in regaining 
devices and yet obtain the reactions within the point 
of impingement which will give smooth stream flow of 
discharge along the plate and consequently without 
eddies and attendant losses. 

By the term “ hydraucone action ”’’ of water is meant 
that action which occurs when an unenclosed stream 
impinges against and is deflected along a surface. Fig. 11 
illustrates the hydraucone action of water when a jet 
impinges normally upon a flat plate. In considerin 
the three outer stream filaments it was noted and record 
in 1900 that the cross-sectional area of the flow increased 
in making the turn and decreased at the exit from the 
turn. By placing @ cone on the plate with its axis in 
line with the centre line of the jet the outer shape of tlie 
curvature of the water is changed, but not to a great 
extent because of the low velocities within the centre 
portion of the impinging jet. 

When the hydraucone action of the water as illus- 
trated in Fig. 11 was taken into consideration in the 
laboratory work, conoidal chambers. were designed 
such as one shown in Fig. 2, and when these were com- 
bined with the radial passages the desired results were 
immediately secured. 

Tests of Smaller Models.—The tests of the various 
model draught tubes and hydraucone regainers made at 
the laboratory with the small turbine illustrate the 
practical, economical and efficient application of the 
hydraucone principle for increasing the efficiency of 
water-power developments. Coincident with the series 
of tests in connection with the small turbine, a séries of 
tests on smaller models was made without the use of 
® model water wheel. ‘Sometimes these small models 


were tested before the large models were built and tested 
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conoidal chamber, namely, 2} in., and varying the 
distance between the plates, the following efficiencies 
were obtained :— 


Distance between 


plates,inch ... 4 % } } i 
Efficiency, per tt : q 
cent. - 61 65-5 67-5 67 68:8 58-3 


Conoidal chambers of various radii of curvature were 
tested with cone centres, flat plates, and then with 
depressions or concave surfaces, the latter being develo 
to secure shorter radius of curvature of the conoidal 
chamber. The efficiencies obtained with the concave 
surfaces were about equal to that obtained by the use 
of the flat plate when the proper curve of the conoidal 
chamber was used. 

Tests were also made upon straight conical and curved 
draft tubes, and upon square expanding nozzles and 


Hp. Load in Per Cerrt (100 Per Cerrt Load=2.26, 
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depending upon the effici- Diem: ¢ 
ency of the regainer device 


used. The efficiency of these 
small models was taken as 
B divided by A, or in other 
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words, the velocity head 
regained divided by total 
velocity head in the water 
as it passed through the 
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throat T. A small model 
hydraucone with large dia- 
meter plate is shown at- 
tached to the throat in 
Fig. 12. The mode} hydrau- 
cone was detachable from the flange F of the throat, to 
which were bolted the various devices tested. 

Tests were made with the hydraucone regainers having 
cones in the centre of the chamber, and the distance 
between the plates was varied. With a tall cone in the 
centre similar to A, Fig. 1, the efficiency obtained was 
less than 70 per cent. By substituting a low cone 
similar to that represented by B in the same figure, the 
maximum efficiency by varying the distance between 
the plates was found to be 70 per cent. 

One series of tests copied from the record book of a 
model hydraucone as shown in Fig. 12, having a 23-in. 
radius of curvature of the conoida! chamber, gave the 
following efficiencies as the distance between the plates 
was varied :— 


Distance between 
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plates,inch .. ¢ i wl Ww & & 
Efficiency, per 
cent. ... --» 76-7 77 78:5 78-7 78 74 68 


By cutting down the diameter of the upper and lower 
plates to 18 in., using the same radius of curvature of the 
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elliptical-shaped nozzles as contrasted with the circular 
straight nozzles. Rectangular and conoidal bends were 
also tried out. 

Holyoke Tests,_At the completion of the tests of the 
various regainers and model draught tubes at the 
laboratory, a series of tests was made at the Holyoke 
Testing Flume on a large water wheel having a runner of 
30 in. nominal diameter and a discharge diameter of 
38 in. The object of these tests was to verify the 
results already obtained at the laboratory, and to obtain 
records of the performance of the hydraucone regainer 
which could be presented to the engineering profession 
with the assurance that they were reliable, and could be 
used for comparison with the results obtained with other 
forms of draught tubes tested at Holyoke. The water 
wheel was first tested with a straight draught tube, 
8 ft. 3} in. in length and with diameters of 3 ft. 3} in. 
and 6 ft. 3 in. at the smaller and larger ends, respectively. 
This was the best tube of this type ny at by the 
Allis-Chalmers Manufacturing Company for testing 


purposes. The results of the tests are shown in 





Fig. 13, Holyoke test No.' 2,445, dated March, 3, 1916. 
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The next test was made by placing the water wheel 
directly on the hydraucone regainer as shown in Fig. 14, 
and the results are given in Fig. 15, Holyoke test No. 
2,460, dated May 5, 1916. Fig. 16 gives the results of 
a test of the water wheel when set on a short straight 
conical draught tube (3 ft. long), with the discharge of 
the tube connected with the hydraucone regainer. 
(Holyoke test No. 2,461, dated May 16, 1916.) 

Two shapes of conoidal chambers were made and 
tested, one of which is illustrated in Fig. 14. Tests 
were made with the plates of the hydraucone rega ‘ner set 
at various distances apart, These tests confirmed those 
made at the laboratory and showed that the hydraucone 
regainer could be relied upon for giving high efficiency 
with commercial water wheels under actual operating 
conditions. A maximum efficiency of 91-6 per cent. 
was obtained with the use of the hydraucone regainer 
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Taste I.—Increase in Power Plant Efficiency] Resulting 
from Use of Hydraucone Regainer. 
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as shown by Holyoke test No, 2,461, which was slightly 
greater than that obtained with the long straight draught 
tube in Holyoke test No. 2,445. The test of the water 
wheel with the hydraucone regainer showed better 





characteristics at speeds both below and above normal 
than the test with the straight draught tube, all of which 
might be expected in view of the radia] passages of the 
hpadcnenns regainer in which the whirling action of the 
water is utilised for increasing the efficiency. 

Hydraucone regainers with cone centres such as A, 
Fig. 1, were not tested at Holyoke because the laboratory 
experiments showed conclusively that hydraucone 
regainers with flat plates gave better efficiency. The 
friction of the water along the surface of a hard cone 
centre is much greater than the internal friction when 
the water forms its own cone as shown in Fig. 11. This 
is one reason why the hydraucone regainer with flat 
plate gives better efficiency than the hydraucone regainer 
with cone centre, 

Results Obtainable by Using Hydraucone Regainers with 
Runners of Different Specific Speeds,—The hydraucone 





11-2 per cent., respectively, for runners Nos, 1, 2 and 3, 
as shown by column 12 of Table I. From this it will be 
seen that the use of the hydraucone regainer on low- 
head plants is almost a necessity if reasonably good 
efficiencies are to. be obtained. These comparative 
efficiencies are based on the wheels operating at their best 
speed and best efficiency, that is, when the discharge 
from the runner is nearly axial. At any other speed or 
gate opening the discharge of the water wheel 1s accom- 
panied by more or less whirling, that is, the absolute 
velocity of the water leaving the runner is much greater 
at full load than given in Table I. Furthermore, the 
whirling action of the water in the discharge is much more 


effectively used in the hydraucone regainer than it is 


in the curved draught tube, because of the radially- 
extending passages within which this whirling action 
produces outward pressure by centrifugal force. 








regainer may be employed 
in any power plant operat- 
ing under any head with a 
resulting increase in effi- 
ciency. Its actua) value in 
power plants operating 
under different heads with 
runners of different specific 
speed may be seen from 
Table I. 

Runner No. 1 is a type 
identical with that used on 
one of the 37,500-h.p. tur- 
bines recently put into opera- 
tion in Station No. 3 Exten- 
sion of the Niagara Falls 
PowerCompany. The speci- 
fic speed of this runner is 
about 40 (English system). 
Runner No, 2 is a reasonably 
high-speed runner for low-head plants, such as that 
installed at the Argo plant of the Eastern Michigan Power 
Company, and it 1s the same type as that used in the 
experiments made at the laboratory. Runner No, 3is the 
Allis-Chalmers No, 404 high-speed type furnished to the 
Cheboygan Electric Light and Power Company, Cheboy- 
gan, Mich. This runner was described by Mr. Nagler in 
his paper presented at the 1919 annual meeting of the 
society.* The axial component of the velocity of the 
water discharging from each runner is shown in column 6, 
The energy discharged from the runner in each case is 
shown to be respectively 4 per cent., 13-7 per cent., 
22-4 per cent, of the energy of the total head. Draught 
tubes on high-head plants are usually much more efficient 
than those on low-head plants. A draught-tube efficiency 
of 40 per cent, may be obtained under ideal conditions 
in a suitable curved draught tube for use in connection 
with runner No. 1, but draught tubes on low-head plants 
are not so efficient, and the efficiency of a curved draught 
tube such as would be used with runner No. 2 would 
be about 20 per cent., and with runner No. 3 certainly 
not exceeding 20 per cent. 

The efficiency of the hydraucone regainer for use with 
each of the three runners would be at least 70 per cent, 
The greater efficiency of the hydraucone regainer over 
the curved draught tube results in increasing the power- 
plant efficiency by 1-2 per cent., 6-9 per cent. and 








* A New Type of Hydraulic-Turbine Runner. 








Forrest Nagler, Trans. Am.Soc.M.E., vol. xli, page 829. 





Fig. 17. Hypravcone ReGarner or Fuat-PLate Type In- 
STALLED IN Station No. 3 Extension OF THE NIAGARA 
Farts Power Company. 


The field-of application of the hydraucone regainer 
will be greater on low-head plants, although it is now 
being installed)in connection with two 40,000-h.p. units 
which are to operate under a head of 421 ft. Hydraucone 
regainers are in operation or in course of construction 
in 25 hydro-electric power plants, being used with 
horizontal shaft as well as vertical-shaft wheels. These 
hydraucone regainers are to _— under heads varying 
from 8 ft. to 421 ft. and with water wheels developing 
from 150 h,p. to 40,000 h.p. 

The most notable installation of the hydraucone is 
that in Station No. 3 Extension of the Niagara Falls 
Power Company at Niagara Falls, New York. Unit 
No. 16 is equipped with a hydraucone regainer of 
the flat-plate type, as shown in Fig. 17. At the time of 
the purchase of the water wheel for this unit it was still 
argued by some that curved draught tubes of proper 
design would give as high an efficiency as that claimed 
for the hydraucone regainer. The engineers of the power 
company accordingly conducted a long series of experi- 
ments with various devices, which finally resulted in the 
development of a conoidal chamber with a cone centre 
similar to that shown in Fig. 1 for units Nos. 16 and 17. 
The best model with cone centre had the proper-shaped 
conoidal chamber for regain, and when the cone centre 
was removed from the model, it was found that the 
efficiency was no lower than with the cone in place. 
The use of the new substitutes for curved draught tubes 
at this plant resulted in a water-wheel efficiency of 
93 per cent. being obtained, which is corroborative 
evidence of the value of the hydraucone principle for the 
regaining of pressure from velocity. 

Everyone familiar with hydro-electric power-house 
operation where curved draught tubes are employed has 
frequently noticed the boiling and disturbance of the 
water at the outlet from the curved tubes. This dis- 
turbance is clearly an evidence of inefficiency and loss of 
energy which should be more effectively utilised. The 
hydraucone regainer provides a means for efficiently 
regaining the energy discharged from the runner for 
useful effect upon the water wheel within the limited 
space available in the power-house foundations. ™ 





InpusTReiaL Lantern Siipes.—Messrs. Marshall. 
Sons and Co., Limited, Britannia Iron Works, Gains- 
borough, state that they will be glad to loan lantern 
slides illustrating their steam engines, boilers, &c., 
suitable for lecture purposes at engineering colleges, 





technical schools, &c., during the coming winter session. 
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THE SEASON-CRACKING OF BRASS AND 
OTHER COPPER ALLOYS.* 
By H. Moore. O.B.E., B.Sc., F.1.C., Member ; 8. Becx- 


INSALE, B.Sc., A.I.C.; and Crarice E. MALiinson, 
M.B.E., B.Sco. 


(Communication from the Research Department, 
Woolwich.) 
(Continued from page 264.) 
4. Rods and Tubes.—Season-cracking on a considerable 
scale had occurred in a store where large stocks of cold- 
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temperature following mild weather caused the formation 
of heavy deposits of moisture on the rods, &. The 
evaporation of the moisture commonly left a corroded 
surface. The cracked rods were usually in the outer 
layers of the bundles. A number of typical specimens 
with and without cracks were selected for examination. 
A rod and a tube are illustrated in Figs. 10 and 11. 
It was very noticeable that the cracks occurred chiefly in 
the corroded regions. Many of the rods and tubes were 
corroded or tarnished much more on one side than the 
other and the preference of the cracks for the corroded 





side was quite marked. 
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drawn brass rods and tubes used for the manufacture of 
smal] machined had been kept over prolon 

periods, The and tubes were stored in bundles 
in wooden racks, and were supported at every few feet 
along their length. It had been noted that cracking was 
most prevalent in the winter, especially when a low 


*Abstract of a er read st the meeting of the 
Institute of Metals on hursday, March 10, 1921. 
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Microscopic Examination.—Transverse and longitudinal] 
axial sections from near the ends and middle of each of 
the rods and tubes were examined before and after 
etching with a solution of ammonium persulphate and 
ammonia. The composition indicated structures con- 
sisting entirely of a, entirely of 8, and of a mixture of 
a and £f each represented by several samples. The 
crystal size was very variable. The lin, round rods 
consisted entirely of the § constituent ; two of these had 











a fine structure in an outer layer, changing suddenly to 
a coarser structure in the inner region ; in one of these 
rods some of the cracks were circumferential in direction, 
following roughly the boundary between the fine and the 
coarse regions, Cold-work effects (e.g., elongation of the 
crystals) were present in different de Generally 
the structures showed great variety, within the limits 
possible for the compositions found, and had little in 
common, As a rule, the cracks were intercrystalline, 
but in some cases an intercrystalline crack approaching 
@ crystal in a direction approximately normal to its face 
cut through the crystal instead of following the boundary. 
Cracks running longitudinally, transversely, and in other 
directions were found, though in a particular specimen 
cracks of one direction usually predominated, Very 
frequently complex branching of cracks were noticed. 
Corrosion often accompanied the crack, usually at the 
outside surface, but frequently also in the interior of the 
rod, Selective corrosion of the 8 constituent was noticed 
in badly corroded a 8 structures and was very marked in 
the square rods (Fig. 19), in which badly corroded regions 
were connected by fine cracks. Many of the cracks 
were extremely fine. Non-metallic inclusions were 
numerous in some specimens, but were rarely connected 
with cracks. In some tubes in which both coarse and 
fine structures were found the cracks were mainly con. 
fined to the regions of large crystallization. In addition 
to the microsection Fig. 19 here referred to, other micro- 
sections showing season-cracks following an intercrystal- 
line path are reproduced in Figs. 12 to 18 and 20. 

Brinell Hardness Tests.—Brinell hardness tests were 
made on the transverse sections of rods used in the micro- 
scopic examination, with a ball of 2 mm. diameter and a 
load of 40 kg. 

Pickling and Mercurous Nitrate Tests.—Two, and in 
some cases, three, 2-in. lengths were taken, whenever 
possible, from parts of the rods and tubes free from season- 
cracks, After pickling in nitric acid the pieces were 
examined for cracks and surface defects. ‘They were then 
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immersed in a 1 per cent. acid solution of mercurous 
nitrate for five minutes, and were examined immediately 
on removal from the solution and afterwards at frequent 
intervals. Visual examination of the pickled sections 
showed that only very rarely did cracks coincide with 
scoring marks, laps, or other surface defects. In coarsely 
crystalline specimens, such as the l-in. round bar DE, 
the intercrystalline path of the cracks was apparent to the 
eye, although a crack approaching the middle of an 
elongated crystal approximately at right angles to its 
boundary would sometimes pass through the crystal ; 
a similar observation made in the microscopic examina- 
tion is noted above. The sections from all the rods and 
tubes except those from a ]-in, bar marked DD cracked 
under the mercurous nitrate test, the cracks being similar 
in form to those which had been produced on storage, 
while no cracks ran from surface defects such as scores 
or laps. DD was not cracked forty-two days after treat- 
ment, although still well coated with mercury. In some 
of the badly cracked bars no new cracks developed under 
the mercurous nitrate test, but cracks present before 
testing extended farther. Cracks similar to the wide 
gaping cracks found in some bars after storage were also 
produced by the mercurous nitrate test. 

Tensile Tests.—Wherever possible, tensile tests were 
made on test-pieces cut from the bars and tubes, The 
test-pieces were as large as could be obtained, Extension 
was measured during loading by the Cambridge extenso- 
meter, which is sufficiently robust to withstand the 
unexpected breaking of a flawed test-piece. The limit 
of proportionality was derived directly from the extenso- 
meter readings taken at increments of load of 1 ton per 
square inch ; the yield point was taken from the plotted 
load-extension diagram, The acting length on which 
the elongation was measured was in all cases equal to 
4/ area, 

Measurements of Stress,_—_Heyn’s method of determining 
the magnitude of internal stresses present was applied 
to pieces of two of the 1-in. round rods, viz., DE, which 
had developed season-cracks in store and had also cracked 
under the mercurous nitrate test, and DD, in which no 
cracks had formed in store or under test. As the 
transverse cracking of DE had partially relieved the 
longitudinal stresses the measurement could indicate the 
residual stress only. The specimens were 2-2 in, in 
length. A circumferential line was scribed 0-1 in. from 
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each end. Successive layers 0-0125 in, thick were 
removed from a central length of 1-8 in. by turning, and 
the distance between the two scribed lines was measured 
with a measuring microscope before turning and after 
each red in di t In several specimens from 





tion in ° 
DD no change in length occurred, while in similar 
specimens from DE the distance between the scribed 
lines increased after the removal of each layer. Applica- 
tion of the formula used by Heyn to the figures obtained 
indicated a residual longitudinal tension stress of 10 tons 
per square inch in the outer layers of the rod DE. The 
rod DD was apparently free from longitudinal stress. | 
“@ Examination of Corrosion Product.—The corroded | 
fracture-surfaces of the cracks were green in most cases, | 
but a dull brown in some specimens. Small specks of | 
dark blue corrosion product were observed on some of the | 
fractures. Tests for the presence of ammonia and | 
nitrates were made by the well-known delicate methods. | 
The Nessler solution used was made up as described in | 
the Appendix and the diphenylamine solution by dis- | 
solving 0-5 grm. diphenylamine in 100 cc. of pure sul- | 
phuric acid to which 20 ce. of distilled water had been | 
added. | 

(a) Test for Ammonia.—Parts of the corroded fractures | 
were carefully cut away with a fret-saw and immersed | 
in 5c.c. of distilled water, care being taken that the | 
tubes and distilled water were free from all traces of | 
ammonia, Pieces of the same rods and tubes were cut, | 
cleaned with emery cloth to remove all tarnish, and were | 
broken, giving fibrous fractures, The fractured pieces | 
were immersed in 5¢.c, distilled water in a similar | 
way. The fractures were left in the distilled water for 
one day, while a tube containing distilled water only was 
kept under the same conditions, 1 c.c. of Nessler’s 
solution was added to each tube, About five minutes 
after the addition of the Nessler reagent, the tube con- 
taining the water extract from the corroded fractures had 
become brown, and later a slight precipitate developed, 
while the contents of the other tubes remained clear | 
and colourless after standing for twelve hours. The test 
was repeated several times on corroded portions cut from 
the rods and tubes, distinct evid of the pr of 
ammonia being obtained in every case. 

(b) Test for Nitrates.—Water extracts of corroded 
fractures pre in the same way were carefully poured 
on to the dip enylamine solution described above, but the 
blue ring which indicates the presence of nitrates was not 
obtained. Fractures were also allowed to stand in very 
dilute sulphuric acid solution ; these extracts added to 











diphenylamine solution failed to give a blue ring. 
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After three days’ treatment the upper cup had lost its 
ring, and after ten days this cup was found to be cracked, 
The water in the trap was tested with Nessler’s solution, 
and a heavy precipitate was obtained indicating the 
presence of ammonia. In similar experiments in which 
town gas was burnt under the funnel in a bunsen burner, 
the water from the trap gave a slight precipitate with 
Nessler solution, indicating that small amounts of 
ammonia are given off by an ordinary bunsen flame. 
Note on Ammonia in the Atmosphere.—The atmosphere 





fall of temperature contain an appreciable quantity of 
ammonia. 

5. Small Situds,—An example of season-cracking under 
externally applied stresses was provided by small studs, 
made of a common quality of 60:40 brass. They had 
been subjected in use to variable tensile stresses and to 
the action of ammonium nitrate solution, which had 
corroded them. Their Brinell hardness ranged from 
120 to 150. Microscopic examination showed that the 
cracks followed an intercrystalline path and were generally 
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Source of Ammonia.—The store in which the cracking 
of the rods and tubes had occurred was heated in the 
winter by slow combustion stoves burning waste sap- 
wood, the tops of which were often left open. Coal- 
burning locomotives also worked in the store occasionally, 
In the simple apparatus shown in Fig. 21 the products 
of combustion of wood were tested for ammonia and for 
their effect on stressed brass. 

a oe cups of 70: 30 brass, identical with those 
descri in the authors’ previous paper, in which the 
outer layer is stressed in tension to a Ri h degree, were 
placed in the closed space in the position shown in Fig. 21. 
In the earlier experiments the washing bottle between the 
funnel and closed space was not included, but it was found 
that a certain amount of tarry matter distilled over. The 
trap containing distilled water between the closed space, 
and the pump prevented water being sucked back 
into the closed space and also collected any soluble gases 
present in the fumes given off by the burning wood. Air 
was drawn through the apparatus by means of a pump. 
Small blocks cut from a piece of sap-wood oak taken from 
the fuel used for the stoves were supported on wire gauze 
and were kindled by means of a 2 aba burner, which 
was removed when the wood was well alight. The fumes 
were drawn through for ten minutes four times each day, 
the cups being left in contact with the fumes overnight. 
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contains small and very variable but appreciable amounts 
of ammonia. Angus Smith found that 1,000 grms. of 
air contained— 


London ... 0-05 grm, ammonia, 
Glasgow ... 0-06 ,, re 
Manchester 0-10 


” ” 


Rain water contains appreciable amounts of ammonia, 
especially in large towns, and after rain the ammonia- 
content of the atmosphere is reduced. In a building in 
which ammonia is being generated, even if only in very 
smal] quantities, it is probable that the figures given above 
are far exceeded, and that deposits of moisture caused by 





Season-Cracks In A 8 Brass. 


Fig. 18. 


Fire Cracks 1x 70:30 Brass. 
Rarip Locat HEATING OF 
INTERCRYSTALLINE. X 100. 


PxODUCED BY 
A Spun Cup. 


4 
a 
= 
a 


oe 


os 
| 
| 


Fic. 20. 


INTERCRYSTALLINE. X 250. 


of the same type as the season-cracks found in internally 
stressed a 8 brass. 

6. Summary.—The examination of a considerable 
number and variety of brass specimens in which season- 
cracks were found, and the com tive examination of 
specimens free from cracks, but identical in other respects, 
has shown in the first place that season-cracking occurs 
in brass objects differing very widely in form, composition, 
freedom from impurities, structure, hardness, and other 
physical properties. The features common to the season - 
cracked specimens are: 1. A state of initial stress, 
nearly always internal stress, i.e.: not caused by the 
application of external constraint ; 2. A certain degree of 
strain-hardening caused by cold-work; 3. Chemica! 
action on the surface of the brass, frequently resulting in 
corrosion ; 4. The intercrystalline path of the cracks. 

It is probable that strain-hardening is not a condition 
essential to the formation of season-cracks, but that the 
internal stresses primarily responsible for the cracking 
are nearly always the result of cold-work operations which 
have hardened the brass. For a given composition 0! 
brass the range of hardness of specimensin which season 
cracks have formed and extended is very wide. Spinning 
and drawing are indicated as cold-work operations. 
especially liable to induce such stresses. In some 
instances the evidence of chemical action is small, as in 
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cases in which cracks have not only spread but have 
initially formed below a continuous layer of lacquer. 
Reasons will be given later for holding the view that 
chemical action of certain kinds on the surface of the 
brass commonly, if not always, precedes season-cracking, 
and that continuous protective coatings fail to prevent 
such action in some circumstances. A continuous coating 
of nickel ap to be a completely effective protection ; 
the removal of the nickel coating from a specimen of 
internally stressed brass was followed by the develop- 
ment of season-cracks in the areas from which this 
protection had been removed. No evidence has been 
obtained indicating that any kind of surface injury other 
than that caused by chemical action will induce the 
formation of season-cracks in internally stressed brass. 
In one group of failures the action of ammonia or 
ammonium salts was clearly indicated as the agency 
which rendered the internal stresses active in producing 
cracks, and strong evidence of the action of ammonia 
was found in another large group of failures, the material 
(rods and tubes) in this case being of a different character. 
Reasons have been given for suspecting the action of 
ammonia or ammonium salts in many cases in which 
season-cracking may occur. In each of the numerous 
cases in which such tests have been applied to season- 
cracked brass, sectioning or machining tests have 
resulted in change of form revealing internal stress, and 
cracking has occurred in the mercurous nitrate test. 


Tue Errect oF CORROSIVE AND OTHER SUBSTANCES ON 
Srressep Brass. 


1. The Use of Small Spun Cups as Test-Specimens.— 
The effect of certain substances in promoting the season- 
cracking of stressed brass has been indicated in the 
preceding section. Numerous experiments have been 
carried out to ascertain what classes of substances are 
capable of acting in this way as “accelerating agents’”’ 
and what is the nature of their action. For this work 
large numbers of brass specimens or ne eee ina state 
of internal stress and identical in all respects, were 
required. The test-pieces should be reproducible in 
any quantity, and this requirement necessitated a 
standardized and fully defined method of preparation. 
The high stresses found in all the unannealed spun vessels 
examined, as indicated in the preceding section, suggested 
a similar method of preparation. Small spun cups of 
the kind described in the authors’ earlier paper were 
found to be entirely satisfactory. A large supply of pure 
70 : 30 brass strip, rolled from one ingot, was obtained, 
The greater part of this was fully annealed to a uniform 
hardness. From this strip discs of uniform dimensions 
were cut, anl by using the same tools, formers and 
sequence of operations, identical and highly stressed cu 
were produced. Uniformity of properties has frequently 
been checked by Brinell hardness tests and by carefully 
milling strips from the cups and measuring the amount of 
springing out. The test most frequently applied as a 
check on the uniformity of the state of stress has been 
immersion in mercurous nitrate solution. At first some 
irregularity in behaviour under this test was observed, 
in such points as the time required to develop-cracks, but 
this was soon found to be due to differences in the mode 
of application of the test, not considered at first to be of 
importance, As will be seen later, immersion in mer- 
curous nitrate solution should be preceded by pickling 
for a definite time in nitric acid of fixed strength. 

A great many tests, applied at intervals during some 
years, have shown that with uniform conditions of 
applying the mercurous nitrate test the spun cups were 
remarkably uniform in their behaviour, little variation 
occurring in the time required to develop cracks or in the 
form, position, or width of the cracks, 

Details of the composition and dimensions of the brass 
sheet and of the form, dimensions, and hardness of the 
cups are given in the authors’ earlier paper. All brass 
spun cups used in the work described in the present paper 
were made from the same lot of strip ; except where it is 
otherwise stated, the strip had been fully annealed to a 
uniform Brinell hardness of 58 to 60, and no annealing 
was applied during or after spinning. 

Before proceeding to a description of the trials of the 
effect of corrosive and other substances, it may be desir- 
able to record certain experiments throwing further light 
on the properties and behaviour of the sound cups used 
as test-specimens, 

Mercurous Nitrate Test applied to Spun Oups.—It was 
found that if preliminary pickling was omitted or 
imperfectly carried out, the time required to develop 
cracks in mercurous nitrate solution varied greatly. This 
was particularly noticeable in the weak solutions, e.g., 
one containing 0 -1 per cent. mercurous nitrate and 0-1 per 
cent. nitric acid (1-42 sp. gr.), the times in which cracks 
appeared after treatment in this solution varying from 
five minutes to twenty-four hours. A standardized 
method of pickling was therefore laid down. The 
specimen was pickled for thirty seconds in a bath con- 
taining 40 volumes of nitric acid (1-42 sp. gr.) and 60 
volumes of water, thoroughly washed in water and then 
immersed in the mercurous nitrate bath, After this 
treatment the spun cups invariably cracked in from 
two to three minutes in 0-1 per cent. mercurous nitrate 
solution and in from thirty to forty-five seconds in the 
1 per cent. solution. Quick and thorough washing after 
the immersion in nitric acid is necessary to prevent the 
formation of an oxidized film, which seriously retards the 
deposition of mercury. Wherever pickling is mentioned 
in this paper this standardized method is implied unless 
it is otherwise stated, The first ap nee of cracks is 
indicated by the disappearance of mercury from the 
surface of the brass surrounding the crack, revealing 
the yellow colour of the brass. This effect appears to 
be due to the mercury running into the crack, but when 
the crack has fully developed, the mercury ceases to flow 
from the surface of the surroundiug brass and a good 





deposit of mercury is again obtained by interaction of 
the brass with the solution. 

The important effect of the preliminary pickling was 
further shown by the following experiments. Two cups 
were pickled as described and two were polished. They 
were then immersed in 1 per cent. mercurous nitrate 
solution containing 1 per cent. of nitricacid. The pickled 
cups cracked more rapidly than the polished cups, 
although all had apparently. taken an equally good 
coating of mercury. A number of cups were weighed 
after cleaning with benzene, a similar number were 
weighed after polishing with 000 polishing paper, and 
a further set were weighed after pickling. These were 
all treated in the 0-1 per cent. mercurous nitrate solution 
containing 0-1 per cent. nitric acid for 5 minutes, and 
were weighed after removal from the solution and careful 
drying. The gain in weight of the cups varied from 
0-0024 gramme to 0-0039 gramme, the average gain 
being the same in each set. The pickled cups were 
found to be cracked on removal from the solution, while 
none of the others were cracked. The polished and 
benzene-cleaned cups cracked in from 45 minutes to 
24 hours, with the exception of two polished and one 
benzene-cleaned cup, which had not cracked two days 
after the mercurous nitrate test. These were re-trea 
for 5 minutes in a 0-1 per cent. solution of mercurous 
nitrate and were found to be cracked on removal from 
the solution. 

To test the suggestion that the stresses might have 
been reduced by polishing, two cups, polished as ri 
above, and two unpolished cups, were then pickled by 
the standardised method. After weighing, the cups were 
immersed in the 0-1 per cent. solution of mercurous 
nitrate for 5minutes, ‘The cups cracked in the same time, 
and all were badly cracked on removal from the solution, 
The cups were again weighed; the gain in weight was 
uniform and about the same as in the preceding experi- 
ment. 

The cups used in these comparative trials were stored 
in a room at ordinary temperatures after the mercurous 
nitrate test, and it was observed that the mercury dis- 
appeared from the surface of the pickled cups at an 
almost uniform rate, a little more rapidly on the dome 
than in the interior of the cup ; the mercury disappeared 
in about 24 hours, In the case of the polished cups the 
mercury disappeared very quickly from any part over 
which the roller used in spinning had passed, the time 
taken being on the average about 2 hours: the rate of 
disappearance of the mercury from the interior surface 
was much the same in the polished as in the pickled cups. 

Action of Ammonia on Spun Cups.—Two benzene- 
cleaned, two polished, and two pickled oe were placed 
in a closed space over 0-880 ammonia and were visually 
examined at short intervals, Since it had been noticed 
that cups placed in or over ammonia lost their clear 
bell-like ring before cracks were visible, the cups were 
tested at intervals by gentle tapping. At the end of 
30 minutes the pickled’ cups had. lost their ring, while 
in the polished and benzene-cleaned cups the ring had 
not diminished, No further change occurred in 2 hours 
except by progressive tarnishing, most marked in the 
polished and benzene-cleaned cups. After 4 hours the 
pickled cups had cracked badly, while no cracks were 
visible in the polished and benzene-cleaned cups, although 
all had lost the clear ring. No further change was 
observed after 8 hours, but after 24 hours’ treatment all 
cups were badly cracked and dark green spots of liquid 
were found on them, The cracks were similar in form 
to those developed in mercurous nitrate solution, 
although the cracks parallel to the flange developed by 
ammonia treatment were rather more pronounced, An 
examination of fractures showed that they were more 
corroded near the surfaces originally in tension, suggest- 
ing the cracks had started at the surface which was in 
tension. 

Cups Spun from Hard-rolied 70 : 30 Brass,—Experi- 
ments were carried out in order to ascertain the maximum 
hardness of 70:30 brass sheet 0-035 in. thick which 
could be spun into cups of the standard form and 
dimensions, Asa result of numerous trials it was found 
that brass with a Brinell hardness of from 120 to 130 
was the hardest which could be spun into cups without 
cracking badly. Even brass of this hardness gave a small 
percentage of failures, but by careful rolling from the 
top of the dome towards the flange the metal was 
gradually forced down on the former. Owing to the 
much greater pressure required, the metal spread rather 
more than the fully annealed brass, and hence the cw 
spun from hard brass were slightly thinner and t' 
flanges a little wider. 

Diametral strips, 4 in. wide, were cut from two of the 
cups. The overall diameters were measured before and 
after cutting. The increasein diameter was 0-2 and 0-22. 

Brinell hardness tests were made with a ball of 1 mm. 
diameter and a load of 10 kg. on the outside surface 
of the cups. They gave an average result of about 146. 
The variations from the average Brinell hardness figures 
at each position tested were very small. 

Mercurous Nitrate Tests applied to Cups Spun from 
Hard-rolled Sheet.—Cups spun from sheet with a Brinell 
hardness of 126 were Biekled in 50 per cent. nitric acid 
solution for 30 seconds, and after thorough washing were 
immersed for 5 minutes in a 1 per cent, solution of 
mercurous nitrate containing 1 per cent. of nitric acid 
(1-42 specific gravity), 500 c.c. of solution being used 
for each cup. The first cracks appeared in about the 
same time as in the cups spun from soft brass, but instead 
of developing near the flange they appeared between 
1-25 in. and 1-5 in. from the dome, the next cracks 
forming in the top of the dome, while cracks developed 
near and across the flange later. The first series of cracks 


were parallel to the direction of rolling of the strip from 

which the cups were made, although cracks developed 

in other directions in later sta 
Action of Ammonia on the 


of the cracking. 





arder Spun Cups,—Two 





cups spun from hard-rolled strip B were pickled in 50 per 
cent. nitric acid solution until the crystalline structure 
could be clearly distinguished, while two cups identical 
in properties were thoroughly cleaned with benzene. 
These were placed in a closed space over 0-880 ammonia 
and all rapidly tarnished. Two hours after the com- 
mencement of the trial the pickled cups had lost their 
ring, but visible cracks had not developed until 8 hours 
after the commencement of the trial. The polished 
cups be to lose their ring 6 hours after the commence- 
ment of the trial, visible cracks had not appeared in 
12 hours, but both cups were badly cracked in 24 hours. 
The pickled and polished cups were very similar as 
re; form and distribution of cracks after the 24 
hours’ treatment. In all cases the cracks started near the 
top of the dome and developed in branching systems 

flan; From the comparative trials made 
eae cups (1) ee d, (2) polished, (3) 
pickled, it would appear that the cleaned or polished 
cups have a surface layer which is more or less protective 
against the action of substances which accelerate season - 
cracking, and that this layer is removed by a suitable 
pickling with nitric acid. Experiments ribed in 
later sections throw more light on the nature and mode 
of action of this protective layer. 

2. Trials of Corrosive and other Substances.—The paper 
gave particulars of trials with three series of specimens 
in various solutions, and details concerning their 
behaviour in these. 

Dry Ammonia Gas.—A slow stream of ammonia gas 
from a cylinder was passed through drying towers con- 
taining soda lime, and ovér dry cups, and was then 
absorbed in concentrated sulphuric acid. The cups 
tarnished slowly, and no diminution in “ring” (the first 
indication of incipient cracking) was observed until after 
30 hours. Visible cracks ap after 48 hours. 
These times were very much longer than the 30 minutes 
and 4 hours required to produce the same effects in a 
mixture of ammonia gas and damp air. It may be 
doubted whether all trace of water vapour had been 
removed from the ammonia, 

Nitric Acid.—Six cups were pickled in a 50 per cent. 
solution of nitric acid (1-42 specific gravity). During 
Eos the cups were examined at frequent intervals, 

ut no cracks had appeared, even when the cups were 
extremely thin. When the cups were pickled uniformly 
no’ distortion occurred, but in one which was pickled 
until the dome separated from the flange, the flange 
rtion bent, and when flattened and released sprang 
ack to the bent form. After pickling, five shells were 
immersed in a 0-1 per cent, mercurous nitrate solution 
for 5 minutes and all were found to be cracked on 
removal from the solution. 

3. Summary.—It was known that certain chemical 
subst accelerated the cracking of stressed brass. 
Small cups spun from brass sheet proved to be very 
suitable as test specimens in determining whether a 
ogee substance would induce cracks in stressed 

rass. Cups were spun from annealed and from 
medium hard-rolled brass sheet; the further increase 
in hardness caused by spinning was measured, Cups of 
each kind were remarkably regular in their properties 
and behaviour when the materials and processes of 
manufacture were standardised and after a very thin 
layer had been removed from the surface by a light, 
pickling, and the amount and distribution of the internal 
stress appeared to be the same in all cups of one kind. 
Of a number of substances tested, including strongly 
corroding reagents such as nitric acid, hydrochloric acid, 
nitrogen peroxide, and sulphur trioxide in damp air, 
none produced cracks except ammonia, ammonium 
nitrate and mercury, applied as solutions of mercury 
salts, although the trials were prolonged and severe 
corrosion and pitting occurred, sometimes eating holes 
in the specimen. Mercurous nitrate tests on corroded 
specimens, free from cracks at the conclusion of the 
prolonged trials, demonstrated the continuéd presence 
of severe internal stresses, The inclusion of d 
cups and other specimens in the trials showed that season- 
cracking occurred only when the brass was in a state of 
internal stress, 

The conclusion is reached that season-cracking is not 
induced in stressed brass by the mechanical weakening 
of the stressed surface consequent on the irregular 
removal of metal by corrosion, but is induced by the 
specific action of certain chemical subst , of which 














ammonia with its compounds and merc are the only 
oe, ae among the substances mentioned in this paper. 
The observation that of a number of highly-st 


spun 
cups kept in atmospheres of ordinary purity for four 
years not one has cracked, suggests that season-cracking 
of stressed brass is never “ spontaneous,”’ but can only 
be induced by chemical] action of the kind indicated. 
The action of a damp mixture of ammonia gas and air 
and of strong ammonia solutions is very rapid in inducing 
cracks in s brass ; cracks are formed at a very 
early stage in the corrosion, and in some cases no corrosion 
is apparent. The action of dry ammonia gas is much 
slower. ‘ 
(To be continued.) 





Tue Sarerine Exursirion at Otympra.—The Shipping, 
Engineering and Machinery Exhibition will be held at 
Olympia, from the 7th to the 28th of September, and it 
is expected that an unusually large Bau pe smveatoows tnd 
collection of machinery will be on view. All the leading 
Institutions devoted to shipbuilding and engineerin 
generally are associated with the Exhibition, a specia 
feature of which will be the display of machinery in 
motion. Demonstrations of life-saving at sea, the work 
of divers, and wireless communication will be given, 
and many other attractions appealing both to engineers 





and laymen. The Exhibition offices are at 36, White- 
friars-street, London, E.C.4. 
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AGRICULTURAL APPLIANCES. 


162,722. G. P. Make e, Bardon Mill, and W. Hender- 
son, Bardon Mill. ay Cocking Machines. (3 Figs.) 
September 30, 1920.—The improvements relate to hay-cocking 
machines comprising a truck a which is mounted upon wheels b, 
and is provided at its rear end with a pair of frames d to support 
amould e. The front end of the truck serves as a support for 
@ conveyor, which consists of a trough j, the upper end of which 
is located above the open end of the mould e, whilst the lower end 
is disposed in front of the front pair of travelling wheels and 
a distance above the ground, the intervening s being filled 
by a barrier consisting of a —— of vertically-arranged tines 
k, 80 mounted upon a shaft / as to give rearwardly upon striking | 
an obstruction. The lower ends of the 





tines are always 
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qocnee in contact with the surface of the ground from which 
they collect the hay to be cocked. The hay accumulates in front 
of the tines, from whence it is removed by the forks m, carried 
by a series of bars n, that extend longitudinally of the trough | 
within the interior of the same and are individually supporte 
at each end upon cranks 0. The cranks are connected together 
by means of sprocket wheels p and endless chains which, in turn, 
are driven from the front travelling wheels. The movement thus 
produced causes the bars n to dip alternately towards the floor 
of the trough j, and aleo to move upwards reover so as to 
urge continually the hay up the floor of the trough to be finally 
ejected over the top in a continuous flow. (Sealed.) 


ELECTRIC APPARATUS. 


162,552. Siemens Brothers Dynamo Works, Limited, 
London, and P. H. H. Jantzen, London. Dynamo Electric 
Machines. (4 Figs.) May 20, 1920.—For cooling the stator 
and rotor of a dynamo electric machine, the stator and rotor are 
separated by a partition 1 of non-magnetic and high-resistance 
material, the stator winding overhangs being immersed in oil 
which flows thro’ axially disposed Lay provided in the 
stator core 2, and the rotor being cooled an independent 
flow of insulating fluid circulating, also, through axially-disposed 
passages in the core, the flow of oil through the axially-disposed 

in the stator core oe Te lemented or replaced by a 

ow in directions transverse to the axis. 3 is the casing cnateaing 
the stator. 4 and 4! are secured at their outer peri- 
meters to flanges on the ending 3. Leakage of oil at the inner 
perimeter of the end shields 4, 41 is prevented by packing which is 
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pressed between the inclined surfaces of the shields 4, 41 and of 
the partition 1 by rings 5, 51 tightened by means of bolts. An 
annular chamber 9, 91 is provided near each end of the casing 3 
into which oil is introduced through pipes. Perforated plates 11, 
111 separate the passages 9, 91 from the ne ere 
‘Lhe holes in the plates 11, 111 are graduated in size, so as to 
distritute the flow of oil uniformly over the ends of the stator 
core. The oil enters by the pipes and flows through the per- 
torated plates 11, 111 and perforated core end plates 12 enclosing 
the laminations of the stator core 2. Holes in the plates 12 
correspond with axial passages 13 in the core which communicate 
with transverse passages 14 between the laminations. A narrow 
passage 15 between the inner ends of the core and the jon 1 
receives oil from the chambers 9, 9! and allows it to flow in the 
transverse ducts 14 in contact with the inner ends of the lamina- 





tions. There is, consequently, a flow of oil in an axial direction 


through the core and in a transverse direction between the 
laminations. After traversing the core the oil emerges by the 
pipe 16 and can be cooled externally before it is caused 
to re-enter the pipes. In order to obtain a more uniform 
distribution of the oil in the stator core, tubes are inserted 
to convey the axially-flowing oil past certain of the transverse 
spaces provided between the laminations. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


162,527. T.H. Parker, London. Internal-Combustion 
Engines. (3 Figs.) April 15, 1920.—The novel feature consists 
in forming the cylinder a and crank-case in one piece, and in 
providing in the crank-case side openings which are closed by 
plates g, carrying bearings h, for the shaft i of the engine. The 
crank-case has flanges k, m, by which the engine can be fixed. 


(162.527) 


The bottom of the crank-case has an opening closed by a 
pete, through which access can be had to the crank-case. 

his opening is adjacent to the fixing flange m. The plates y 
for the crank-case bearing are exchangeable to suit diff t 
bearings or shafts. The top end of the cylinder is closed by a 
covern. (Sealed.) 


162,712. J.B. Brown, Edinburgh. Internal-Combustion 
Engines. (5 Figs.) December 19, 1919.—In internal-combustion 
engines used in motor vehicles, in which a foot pedal P is employed 
for opening and closing the throttle valve of the engine, the 
throttle valve spindle A is fixed to a lever B, which, through a 
connecting rod C, is connected to one end of a lever D, the other 
end of lever D being fixed on a spindle E which is supported 
in a bearing at the 2 end of an adjustable frame F carried 
in a slotted standard G. The frame F is adjusted by two discs 
H, J, the discs being provided on their adjacent faces, near their 
peripheries, with a number of recesses K, Interposed between 

















(162.712) 


the two discs H, J is a third disc M carrying a ball which 
extends on each side of the disc and projects into one of the 
recesses K, L in the discs H, J, so that when the discs are clamped 
together, the frame F, which forms a part of the disc J, is held 
to the frame G in the desired position. To prevent the bolt of 
the nut turning in the slotted standard G, it is flattened or 
squared on two sides. The foot pedal P is screwed and carried 
ina — ring R mounted on the spindle E, so that it can not 
only adjusted vertically, but also adjusted laterally and longi- 
tudinally. The foot-pedal lever P, after being adjusted, is held 
in position by two nuts. (Accepted May 19, 1921.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
162,585. Swan, Hunter and Wigham Richardson, 
2 (7 Figs.) —— 
The novel feature in a machine tool of the type for planing 


wood floors and ship’s decks, and comprising a frame a, a rotary 
cutter f mounted on the frame, a motor for driving the cutter, 














and means for raising and lowe the cutter consists in dispos- 
ing the rotary cutterf at the side of the machine and pro- 
jecting therefrom. For some classes of work, the rotary cutters 
are narrow and staggered, and a belt or pulley drive is included 
in the transmission of power to the travelling wheels. The 
cutters f are mounted on a drum e which is placed either 
on the right or left-hand of the motor on the extreme outside 
of the frame a. The cutters are disposed obliquely and 





dcvetailed with the drum e and are held in place by 
keeping rings g secured by screws to the sides of the drum e. 
The drum e¢ is mounted on a bracket m provided with ies 
to work in corresponding grooves formed in the head plate n 
of the frame a. bracket m is raised and lowered by means 
of a screwed stem o, bevel wheels p, p, shaft g and operating 
wheel r. The frame is mounted on four wheels s, s, and is driven 
through counter shaft ¢, belt » and worm gears 7, r. Scrapers 
2, 2 are fitted to scrape the wheels s, s continuously when the 
tool is in use. (Accepted May 11, 1921.) 


MINING, METALLURGY AND METAL WORKING. 


162,725. D. Wright, Ulverston. Smelting Iron Ore. 
(6 Figs.) November 2, 1920.—The process for the production 
of iron by the smelting of iron ore, according to this invention, 
consists in blowing, by means of rotary atomising apparatus 
housed in the passage f into and burning in a furnace @ and by 
an oxidising flame, atomised liquid fuel, until a desired tempera- 
ture (about 1,500 deg. C.) is attained ; diminishing the supply 
of air so that incomplete combustion of the liquid fuel results 
and the furnace contains a continuously renewed superheated 
atmosphere of carbon monoxide gas; blowing through the 


a 


carbon? monoxide atmosphere and into the furnace iron’ ore in 
the form of an atom: or flour-like spray, or sprays, so that 
instantaneous chemical reaction takes place; andgthen, after 
the temperature of the furnace has been reduced somewhat (to 
about 1,150 deg. C.), due to absorption of heat in the process 
of reduction, interrupting the admission of atomised ore to the 
furnace and increasing the supply of air, so that the flame 
reassumes an oxidising character, until the temperature of the 
furnace has been elevated again. The furnace floor slopes 
downwardly towards the middle, at which a channel ¢ is formed 
to receive the molten metal. (Accepted May 19, 1921.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


161,250. D. Wright, Ulverston. Furnaces. (6 Figs.) 
January 2, 1920.—Apparatus for spreading and discharging 
granular or pulverized fuel by air under pressure comprises a 
conduit a for air under pressure, the discharge mouth 6 whereof 
is of outwardly-tapering or conical ~~ a body ¢ concentrically 
disposed in the large mouth so that fuel passing outwards 
is, by deflection, spread and discharged, a pipet disposed within 





the conduit @ and having a branch j through which the fue 
falls by gravity so that it is forced by air under pressure 
passing through the pipe i towards the discharge mouth 6. The 

ranch j is inclined rearwardly from the discharge mouth b; 
‘The deflector body c may be adjustable in the discharge mouth b, 
so aay space between them may be regulated, as desired. 


MISCELLANEOUS. 


162,366. G. V. Twiss, London. Clamping Devices. 
(5 Figs.) January 24, 1920.—The invention provides an im- 
proved method of mounting a washer on a screw-threaded 
stem carrying a nut. The clamping device has a U-shaped 
bolt having the two limbs 10, 11, of segmental form with a screw- 
thread formed on the outer exposed surface. A nut 12 encircles 
the two limbs 10, 11, being screwed on to the thread. The 
lower ends of the two limbs are joined together by a head 13, 
and the elements to be clamped are inserted in the s vi4 
between the limbs. The element is secured by screwing down the 
nut 12, but a washer 15 is interposed between the nut and the 
head 13, so that it sripe one element and a supplementary 
washer 16 is also used. The washer 15 comprises a dise formed 
with segmental perforations 17, by which it is threaded on to the 
two limbs 10,11 of the U-shaped bolt. A central block 18 
occupies the s between the two openings 17 and serves as 
a support for the limbs 10, 11 against movement towards one 

r under the —— exerted by the nut 12 on the thread. 
At the ends of this block there are formed two projections 19, 20, 
which are so situated that they can lie within the threaded bo 
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of the nut 12, and they are separated from the block 18 by saw 
cuts. They are formed with outwardly-directed lateral exten- 
sions 21, 22, which are situated at such a height above the 
upper face of the dise 15 that the nut 12 can lie between the 
upper face of the disc 15 and the lower faces of the pro- 
jections, and the projections are of such radial length that they 
extend over the upper surface of the nut. The projections 
19, 20 are sprung together to enable the extensions 21, 22 to 
pass through the threaded bore of the nut 12. When thus 

through, the eae 19, 20, are allowed to spring 
out to their original position so that the nut is locked to the 
washer but is capable of rotation relatively thereto. The two 
together are applied to the bolt, by the limbs 10, 11 
of the bolt through the segmental openings 17 until the threaded 
parts of the limbs engage the th ed bore of the nut. The nut 
can then be scre down the limbs of the bolt, and in so doing 
the washer is prevented from rotation owing to the engagement 
of the block 18 between the limbs of the U-shaped bolt. A groove 
23 is fo on underside of the washer 15 when the 
ames device is used for securing a wire or rod, which is 
threaded through the space 14. (Sealed.) 








